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TRANSACTIONS 

OF 

Ths  Astronomical  and  Physical  Socioty 

OF  TORONTO, 

DURING  THE  Year  1893. 


FIRST  MEETING. 


The  first  meeting  of  this  Society  during  the  fourth  year  of  its  incor- 
porated existence,  was  held  on  the  •24th  of  January,  1893,  Mr.  John  A. 
Paterson,  M.A.,  Vice-President,  in  the  chair,  but  as  the  business  done 
])ertained  to  the  annual  meeting  held  on  the  10th  of  January,  from 
which  it  had  been  continued  by  postponement,  the  proceedings  were 
published  in  the  Report  issued  for  the  year  1892. 


SECOND    MEETING. 

February  7th  ;  Dr.  Larratt  W.  Smith,  Q.C.,  Vice-President,  presid- 
ing. On  taking  the  chair,  Dr.  Smitli  cordially  thanked  the  Society  for 
having  again  chosen  him  as  one  of  its  officers.  He  appreciated  this 
mark  of  its  renewed  confidence,  and  would  endeavor  to  do  everything 
in  his  power  to  promote  the  prosperity  of  the  Society  which  had  been  so 
signal  in  1892.  He  had  pleasure  in  reporting  that  the  Council  had 
decided  to  apply  to  the  Ontario  Government  for  an  annual  grant  in  aid 
of  the  Society's  funds.  That  Government  had  ever  manifested  a  dispo- 
sition to  foster  and  assist  scientific  bodies  of  a  popular  character,  and  he 
had  no  doubt  that  any  representations  that  might  be  made  would 
receive  careful  consideration.  He  suggested  that  the  Council  be  author- 
ized to  prepare  and  send  a  respectful  ]Memorial  to  the  Minister  of  Edu- 
cation, who  took  a  deep  interest  in  the  science  of  Astronomy,  and  who 
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had  willingly  become  the  Honourary  President  of  the  Society  (Applause). 
Dr.  Smith's  suggestion  was  formally  approved  of,  and  a  special  meeting 
of  Council  was  called. 

As  some  evidence  of  the  willingness  of  members  to  lender  assistance 
Avhere  possible,  and  of  the  public  appreciation  of  the  efforts  of  the 
Society  to  fulfil  its  pledges,  it  was  stated  that  during  the  year  Miss 
S.  L.  Tiiylor,  Dr.  A.  D.  Watson,  and  Messrs.  J.  A.  Paterson,  A.  Elvins, 
G.  G.  Pursey,  D.  J.  Howell,  and  G.  E.  Lumsden  had  cheerfully  acceded 
to  requests  to  address,  on  the  subject  of  Astronomy,  audiences  in  various 
parts  of  Toronto,  and  that  some  of  them  had  spoken  on  two  or  three 
occasions  w-hen  the  Society's  lantern  and  views  had  Vjeen  used.  Mr. 
Pursey  added  that  he  had  been  desired  by  a  gentleman  in  Peterborough 
to  assist  him  in  getting  together  some  material  to  be  used  in  a  lecture  on 
the  planet  Mars,  that  he  and  other  members  had  complied,  and  had 
received  the  thanks  of  the  applicant. 

Among  the  communications  read  by  the  Cori-esponding  Secretary, 
tlie  following  note  from  the  Honourable  G.  W,  Ross,  LL.D.,  Minister  of 
Education  for  Ontario,  was  received  with  applause  : 

Education  Department,  Ontario. 

Toronto,  26th  Jauuary,  1893. 
My  Dear  Sir, — Kiudlj'  accept  my  thanks  for  the  honour  done  me  by  The 
Astronomical  and  Phj'sical  Society  of  Toronto,  by  appointing  me  Honourary  Presi- 
dent for  the  3'ear  1893.  I  have  read  the  proceedings  of  the  Society  with  a  great 
deal  of  pleasure,  and  regret  exceedingly  that  I  have  not  been  able  to  attend  its 
meetings.  I  hope  when  the  Session  is  over,  I  shall  be  at  liberty  to  enjoy  the 
benetits  of  its  discussions  more  directly  than  hei'etofore.     Yours  truly, 

GEO.  W.  ROSS. 

Publications  received  from  the  Royal  Society  of  England,  the  United 
States'  iS^a^'al  Observatory,  and  The  Astronomical  Society  of  the  Pacific 
were  laid  on  the  table  by  Mr.  Pursey,  the  Librai'ian. 

Mr.  Arthur  Harvey  and  Mr.  Andrew  Elvins  reported  that  they  had 
observed  a  tine  aurora  on  the  4th  of  February.  The  arch  rose  above 
the  horizon  to  a  greater  height  than  usual ;  the  prevailing  colour  was 
light  green,  with  blotches  of  pink.  The  night  was  an  extremely  cold 
one. 

Mr.  G.  E.  Lumsden  read  a  memorandum  dealing,  in  a  general  way, 
with  certain  of  the  more  remarkable  astronomical  phenomena  observed 
and  discoveries  reported  in  1892,  and  with  some  of  the  phenomena  pre- 
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dieted  for  1893.  References  were  made  to  the  Sun,  sun-spots,  planets, 
comets,  occultations  of  stars,  and,  at  some  length,  to  the  Moon,  which 
was  described  as  one  of  the  most  interesting  of  the  celestial  objects  and 
extremely  well  adapted  for  observation  with  almost  any  kind  of  magni- 
fying glass.  Some  attempt  was  made  to  describe  the  lunar  sky  as  it 
would  appear  to  a  terrestrial  observer  if  he  could  take  up  a  position 
near  the  centre  of  that  side  of  the  Moon  which  is  always  turned  to  the 
Earth. 

The  paper  was  followed  by  an  animated  discussion  relative  to  the 
Moon,  sun-spots,  and  other  phenomena,  and  to  the  causes  operating  to 
make  in  Northern  Europe,  Asia,  and  America  the  winter  of  1893  an 
abnormally  cold  one,  and,  at  the  saine  time,  to  make  the  summer  in  the 
Southern  Hemisphere  an  abnormally  hot  one,  with  a  remarkably  heavy 
rainfall. 

Mr.  Hai-vey  suggested  that  solar  conditions,  when  a  suiiS[)ot  maxi- 
mum is  being  reached,  might  have  something  to  do  with  the  cause,  if 
themselves  not  the  actual  cause  ;  but  Mr.  Elvins,  who  had  exhaustively 
studied  the  subject,  in  an  effort  to  ascertain  the  effect  visible  changes  in 
the  Sun  have  upon  terrestrial  meteorology,  was  inclined  to  think  that, 
whatever  the  cause  is,  it  comes  from  without  rather  than  from  within 
the  solar  system,  and  that  the  Sun,  as  well  as  the  planets,  are  alike  sub- 
ject to  it.  He  had  failed  to  find  that  great  cold  in  the  Northern  Hemi- 
sphere was  accompanied  by  great  heat  in  the  Southern  Hemisphere,  but 
he  had  detected  a  correspondence  in  this  respect  between  the  Eastern 
and  Western  Hemispheres.  The  discussion  was  participated  in  by  the 
Ohairman,  Mr.  M.  Turnbull,  Mr.  Pursey  and  others. 


THIRD  MEETING. 

February  21st;  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the 
■chair.  Miss  Jessie  Brodie,  of  Toronto,  was  elected  an  Active  Member. 
Mr.  Pursey,  the  Librarian,  re])orted  the  receipt  of  a  series  of  interesting 
))ublications  from  the  observatories  at  Uccle,  Berlin  and  Alleghany  :  also 
yiublications  from  various  British  and  Foreign  Societies. 

The  letters  read  included  communications  from  Professor  W.  W. 
Payne  ;  from  M.  L.  Niesten,  of  the  Royal  Observatory  at  Uccle,  Bel- 
trium  ;  from  Sir  Robert  S.  Ball,   LL.D.,  Lowndean  Professor  of  Astron- 
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omy  and  Matlieniatics  at  Cambridge,  England,  wlio  applied  for  a  copy  of 
the  last  Annual  Report  of  the  Society,  and  from  Dr.  M,  A.  Veeder,  of 
Lyons,  N.  Y.,  with  reference  "  to  the  interesting  co-incidence  that  Holmes' 
comet  should  have  rapidly  increased  in  brightness  on  January  16th,  at 
the  time  when  the  enormous  spot  area,  near  the  Sun's  meridian  on  the 
27th  of  that  month,  was  appearing  at  the  eastern  limb."  At  the  previ- 
ous return  of  this  area  on  December  20th,  there  was  a  well  defined 
auroral  period.  In  the  doctor's  opinion,  "  the  conditions  on  January  16th 
were  favoui-able  for  the  development  of  increased  luminosity  of  comets' 
tails,  if  they  are  of  electro-magnetic  origin  and  auroral  character,  and  the 
point  had  an  important  beai'ing  upon  the  cosmical  dust  question  and  the 
part  it  plays  as  a  conducting  medium  for  electrical  currents." 

At  the  instance  of  Dr.  Larratt  W.  Smith,  Q.C.,  who  was  unable 
to  be  present,  Mr.  G.  E.  Lumsden  read  the  following  Memorial  drawn 
up  by  Dr.  Smith  at  a  meeting  of  the  Council  in  support  of  the  Society's 
application  to  the  Government  for  an  annual  grant,  and  the  letter  from 
the  Minister,  acknowledging  its  receipt  : — 

To  the  Honourable  Georrje  W.  i?o.s.v,  LL.D,,  etc.,  etc..  Minister  of  Education  for  the 
Province  of  Ontario,  Toronto  : 

The  Petition  of  The  Astronomical  and  Physical  Society  of  Toronto,  respect- 
fully showeth  : 

1.  That  the  Society  was  incorporated  in  1890  under  the  above  name. 

2.  That  it  has  a  constantlj'  increasing  membership,  now  numbering  over 
eighty,  and  has  hekl  fortnightly  meetings  throughout  the  whole  period  of  its 
existence,  besides  many  sectional  meetings  for  observation  and  instruction. 

3.  That  it  is  in  constant  correspondence  with  nearly  one  hundred  Astronomi- 
cal Societies  and  Observatories  in  diflferent  parts  of  the  world,  with  which  it 
exchanges  printed  Transactions. 

4.  Tliat  the  papers  read  and  the  observations  made  bj'  its  members,  are 
acknowledged  by  the  Societies  to  be  of  value  to  science,  and  communications, 
embodj'ing  original  observations,  theories  and  calculations,  are  being  constantlj' 
sent  to  it  by  Honourary  and  Corresponding  Members,  mIio  are  persons  of  eminence 
in  Astronomical  and  Physical  circles. 

5.  That  the  Society,  with  the  design  of  attracting  to  the  study  of  Astronomy 
and  Physics,  as  large  a  number  as  possible,  not  only  of  residents  in  Toronto,  but 
of  observers  throughout  the  Province,  has  placed  its  fees  for  membership  at  a 
small  figure,  which  is  found  to  be  barely  suiEcient  to  meet  the  incidental  expenses 
of  the  Society,  yet  difficult  to  increase,  without  limiting  the  Society's  usefulness 
at  home. 

6.  That  the  Society  finds  the  cost  of  printing  its  Transactions,  with  properly 
engraved  diagrams,  and  of  preserving,  in  good  order,  the  books  and  apparatus  it 
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lias  been,  and  is  constantly,  acquiring  (mainly  through   the  liberality  of  generous 
donors)  too  considerable  for  its  resources. 

7.  That  it,  therefore,  respectfully  prays  for  a  liberal  annual  grant  in  aid  of 
its  funds  to  be  applied  towards  the  expense  of  printing,  of  acquiring  works  of 
high  scientific  value  and,  ultimately,  of  such  instruments  of  observation  as  may 
be  needed. 

The  Society  proffers  this  humble  re(|uest  with  the  greater  conlidence,  because 
there  is  no  other  Astronomical  Society  in  the  Province,  and  because  it  has  reason 
to  know  that,  by  the  liberality  and  publicity  of  its  actions,  it  has  largely  con- 
tributed to  the  spread  of  an  interest  in  Astronomy,  to  the  diffusion  of  information 
respecting  its  principles  and  practice  and  to  the  cultivation  of  a  taste  for  this,  the 
noblest  of  all  sciences. 

8.  The  Society  begs  to  enclose  herewith,  pi-inted  copies  of  its  Transactions, 
and  will  be  glad  to  submit  copies  of  the  Transactions  of  other  Societies  as  models 
of  the  excellence  which  it  hopes  by  the  aid  of  the  grant  herein  applied  for,  in  due 
time,  to  attain. 

And  your  Petitioners  as  in  duty  bound  will  ever  pray. 

LAERATT  W.  S:\IITH,  Vice- President. 
Toronto,  February  9tli,  1S9.S. 


Educatiox  Departmen't,  Ontario, 

Toronto,  13th  Feb.,  1803. 
My  Dkar  Dr.  Smith, — I  shall  bring  the  petition  of  The  Astronomical  and 
Physical  Society  before  the  Government  when  the  Estimates  are  under  considera- 
tion. If  I  think  it  is  necessary,  after  I  have  discussed  the  matter  witli  them,  for  a 
deputation  from  the  Society  to  wait  upon  them,  I  shall  let  you  know.  I  sincerely 
trust,  however,  that  you  will  be  spared  this  trouble,  and  that  the  grant  will  be 
cheerfully  made.  Yours  truly, 

GEO.  W.  EOSS. 
Larratt  W.  Smith,  Esq.,  D.G.L.,  Q.C.,  Toronto. 

After  the  Memorial  and  the  reply  of  Dr.  Eoss  had  been  read,  the 
action  taken  by  the  Council  was  formally  approved  of,  and  fitting  men- 
tion made  respecting  the  active  interest  taken  by  Dr.  Smith  in  2>ro- 
rnoting  the  ap[)lication. 

^Ir.  Lumsden  i-ead  a  Report  from  Council  relative  to  the  action  to  be 
taken  by  the  Society  in  endeavoring  to  induce  astronomers  to  i*eckon 
the  Astronomical  Day  from  Mean-midnight  instead  of  from  Mean-noon, 
as  now.  It  was  stated  that  on  Saturday,  tlie  11th  of  February,  the 
Council  met  Dr.  Sandford  Fleming,  C.M.G.,  an  Honourary  Member  of  the 
Society,  who  had  for  years  tak(;n  a  deep  interest  in  the  subject  of  Time- 
Reform,  and  who  in  1892,  was  appointed  by  the  Society  to  be  Chairman 
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of  the  .Special  Committee  selected  to  consider  this  matter.  The  Report 
added  that  after  addresses  hy  Dr.  Fleming  and  by  Professor  Carpmael, 
who  presided,  it  was  decided  to  seek  the  co-operation  of  The  Canadian 
Institute,  which  iiad  been  successful  in  other  branches  of  the  subject,  and 
to  suggest  the  appointment  of  a  Joint  Committee  to  be  charged  with 
the  issue  to  Astronomers  the  world  over,  and  to  other  scientific  men 
interested,  of  a  circular  briefly  setting  forth  the  advantages  to  be  derived 
from  the  i)roposed  change  and  inviting  answers  to  a  question  })repared 
for  eliciting  every  shade  of  opinion  upon  the  subject.  Mr.  Lumsden 
intimated  that  Dr.  Fleming,  on  the  evening  of  the  same  day,  brought 
the  subject  to  the  attention  of  The  Institute,  which  heartily  agreed  to 
co-operate  with  the  Society  and  authorized  its  Council  to  appoint  the- 
necessary  Committee. 

It  was  thereupon  moved  by  Mr.  G.  G.  Pursey,  and  seconded  by  Mr. 
James  Todhunter,  that  the  Report  of  Council  be  adopted,  and  that 
Messrs.  Charles  Carpmael,  F.R.A.S.,  President  of  the  Society,  John  A. 
Paterson,  M.A.,  and  G.  E.  Lumsden,  be  authorized  to  act  in  conjunction 
with  three  members  of  The  Canadian  Institute,  as  a  Joint  Committee, 
with  Dr.  Fleming  as  Chairman,  to  deal  with  the  question. — Carried. 

Owing  to  incessantly  cloudy  skies,  few  observations  were  reported, 
but  reference  was  made  by  Mr.  A.  Elvins,  Mr.  A.  Harvey  and  Mr. 
C.  P.  Sparling  to  a  brilliant  aurora  visible  on  the  17th  of  February.  A 
"  mock  sun,"  visible  on  the  morning  of  the  20th,  was  described  by  Messrs. 
A.  F.  Miller,  Harvey,  Elvins,  Lumsden  and  others.  This  apparition 
seems  to  have  been  best  seen  during  the  twenty  minutes  commencing  at 
9.10  o'clock.  Around  the  Sun,  at  a  distance  of  about  twenty-three 
degrees,  there  was  a  halo,  at  times  well  defined.  At  three  points  in  the 
halo,  North,  East  and  West  of  the  Sun,  there  were  bright  luminous  spots 
equi-distant  from  each  other  ;  no  corresponding  point  South  of  the  Sun 
was  noticed.  The  Sun  in  the  centre  of  a  cross,  the  halo,  the  brilliant 
spots,  and,  more  especially  a  short  luminous  arc  North-west  of  the  Sun, 
at  a  distance  of  about  forty-five  degrees,  made  up  a  most  interesting 
object.  The  arc  appeared  to  occupy  a  part  of  the  sky  otherwise  clear, 
and  was  remarkable  owing  to  the  fact  that  in  the  course  of  a  few  min- 
utes it  disappeared  and  re-appeared  some  half-a-dozen  times.  The  convex 
side  of  the  arc  was  towards  the  Sun  and,  when  at  its  bi-ightest,  was 
tinged  with  red  ;  the  Northern  side  was  violet  in  colour.  The  phenome- 
non was  observed  by  many  persons  in  Toronto,  and  a  diagram,  showing 
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most  of  the   features   described,   was   sent  in   by    Mr.    Christopher    P. 
Sparling,  a  student  at  Trinity  University. 

The  paper  of  the  evening  was  entitled  "  The  Telescope,"  and  was 
read  by  ]Mr.  Arthur  Harvey,  who,  in  terse  language,  sketched  the  his- 
tory of  the  development  of  the  telescope  by  means  of  discovery,  inven- 
tion and  experiment  and  the  application  of  the  Laws  of  Optics,  as  they 
came  to  be  understood.  With  the  history  of  the  instrument  itself,  were 
interwoven  a  narrative  of  the  important  discoveries  made  in  the  heavens, 
a  description  of  the  several  kinds  of  telescopes  used,  brief  references  to 
the  lives  and  work  of  the  most  noted  observers,  a  rapid  survey  of  the 
science  of  Astronomy,  past  and  present,  and  an  encouraging  foreca.st  of 
its  future.  The  latest  announcements  from  the  more  important  fields 
were  enumerated  and  some  of  the  advantages  yet  to  be  derived  from 
spectroscopy  and  photography  foreshadowed.  Interesting  references 
were  made  to  the  8un  and  the  planets  and  to  the  present  work  of 
j)hotographing  all  the  stars  down  to  the  fourteenth  magnitude.  The 
paper  was  an  exhaustive  one,  and  was  supplemented  by  numerous 
diagrams,  some  original,  and  by  a  woi'king  model  of  the  great  telescope 
in  the  Vatican  Observatory.  The  following  were  the  author's  closing 
words  :  "  Old,  yet  new  !  New,  yet  old  I  What  a  perennial  attraction 
Astronomy  affords  !  The  Pope,  in  renovating  the  Vatican  Observatory, 
quoted  from  Solomon,  the  Wise  and  Unhappy,  who  says  that  he  '  studied 
and  came  to  know  how  the  woi'ld  was  made,  and  the  operations  of  the 
elements,  the  beginning,  ending  and  midst  of  the  times;  the  alternation 
of  the  turnings  of  the  Sun  and  the  change  of  seasons,  the  circuits  of  years 
and  the  positions  of  stars.'  Froin  a  passage  in  Amos,  it  would  appear 
that  he  was  a  highly  educated  and  well-read  physicist,  as  well  as  a  far- 
sighted  politician  and  prophet,  for  all  that  he  was  a  herdsman  and  fruit- 
picker.  His  words  we  might  well  adopt  as  a  motto  :  *  Seek  Him  that 
maketh  the  Seven  Stars  and  Orion,  and  turneth  the  Shadow  of  Death  into 
the  Morning  and  maketh  the  Day  dark  with  Night ;  that  calleth  forth 
the  Waters  of  the  Sea  and  poureth  them  out  upon  the  face  of  the  Earth.' 
The  parallelism  of  these  passages  shows,  by  the  way,  that  both  men  had 
studied  in  the  same  University,  or  Temple  School ;  so,  clearly.  Astronomy 
was  one  of  the  recognized  branches  of  higher  education  in  Syria  twenty- 
five  centuries  ago.  Of  C'haldea  and  Egypt,  we  know  the  deep  astrono- 
mical lore  centuries  before  that.  Yet  we  glory  in  the  thought  that  it 
has  been  given  to  this  generation  to  found  a  New  Astronomy,  in  which 
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there  are  yet  space  and  room  for  the  individual  effort  of  everyone  of  us." 
The  paper  was  discussed  at  some  length  by  INIr.  Elvins,  Mr.  Miller,  and 
others,  who  complimented  Mr.  Harvey  upon  the  manner  in  which  it 
was  prepared.  The  diagrams  and  working-model  were  examined  and 
admired. 


FOURTH  MEETING. 

]\rarch  7th  ;  Mr.  Arthur  Harvey  in  the  chair.  The  attendance  of 
members  was  large.  A  Report  was  received  from  the  Committee  on  the 
proposed  change  in  reckoning  the  Astronomical  Day.  A  coj/y  of  Mr.  J. 
Ellard  Gore's  new  work,  .  "  The  Visible  Universe,"  was  ordered  to  be 
purchased.  Mr.  G.  G.  Pursey,  the  Librarian,  presented  a  series  of  the 
publications  of  various  Biitish  and  foreign  Societies  and  of  The  Canadian 
Institute  ;  also  an  article  on  "  Thunder  Storms,"  by  Dr.  M.  A.  Veeder, 
of  liVons,  IST.Y. 

Under  the  head  of  observations,  Mr.  Harvey  read  an  interesting 
memorandum  upon  the  spots  visible  on  the  Sun  between  the  1st  and  7th 
of  3Iarch.  Diagrams  made  daily  for  the  purpose  of  showing  the  position 
and  detail  of  the  spots  were  handed  in.  Dr.  A.  D.  "Watson  described 
an  observation  made  by  him  on  the  early  morning  of  the  16th  of  October, 
1892,  when  he  was  fortunate  enough  to  see  Jupiter,  apparently,  accom- 
panied by  only  one  moon,  a  comparatively  rare  phenomenon  ;  two  of  the 
moons  wore  invisible,  owing  to  the  fact  that  they  were  in  transit,  and  a 
third  was  behind  the  planet. 

The  paper  for  the  evening,  "  The  Retrograde  Motion  of  the  Moons 
of  Uranus,"  was  read  by  Mr.  John  Phillips,  whose  main  object  was  to 
pi'ove,  or,  at  least,  to  i)oint  out,  the  mathematical  and  physical  possi- 
bility of  a  system  of  satellites  being  jjrojected  from  the  polar  vicinities 
of  spheroidal  planets — -especially  from  planets  of  great  oblateness,  such 
as  Saturn,  and  finding  orbits  around  them.  The  chief  properties  of  the 
spheroid  were  dwelt  upon  and,  by  means  of  models,  were  contrasted  with 
those  of  the  sphere.  Direct,  or  retrograde,  motion,  was  said  to  depend 
on  the  angle  at  which  the  plane  of  a  satellite's  orbit  cuts  that  of  the 
ecliptic,  whether  acute  or  obtuse,  the  former  causing  direct  motion,  the 
latter  retrograde.  In  polar  projection,  taking  both  polar  regions  into 
account,  the  chances  were  held  to   be   equal  whether  those  angles  were 
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acute,  or  obtuse.  One  thing  polar  projection  failed  to  account  for,  and 
that  Wiis  the  revolution  of  all  the  Uranian  moons  in  nearly  the  same 
plane.  Equatorial  projection  accounted  for  such  uniformity,  but  bodies 
projected  from  high  latitudes  would  be  more  likely  each  to  strike  oif  in 
a  plane  of  its  own.  In  Mr.  Phillips'  opinion,  this  added  to  the  probn- 
bility  that  the  plane  of  the  equator  of  Uranus  lies  iu  that  of  the  orbits 
of  his  satellites.  The  paper  gave  rise  to  a  lively  discussion,  in  whicli 
the  Chairman  and  Messrs.  Pursey,  A.  Elvins,  C.  A.  Chant,  R.  Dewar, 
and  others  took  })art,  and  enunciated  views,  for  the  most  part,  hostih^ 
to  the  theory  which  had  been  advanced. 


FIFTH  MEETING. 

March  21st;  Dr.  Larratt  W.  Smith,  Q.C.,  Vice-President,  in  the 
chair.  The  attendance  was  unusually  large.  As  the  evening  was  to  be 
devoted  chieiiy  to  a  study  of  the  [)lanet  Saturn,  an  orrery  liad  been 
obtained  and  set  up  for  use. 

The  communications  included  letters  from  Dr.  IM.  A.  Yeeder,  of 
Lyons,  N.  Y.,  and  from  Mr.  S.  R.  Peal,  of  Sibsagar,  Asam,  India, 
enclosing  a  pa])er  on  "  The  Canals  of  Mai's."  Mr.  D.  J.  Howell  urged 
the  revival  of  the  Opera-Glass  Section  for  the  ensuing  season,  anc? 
the  subject  was  referred  to  Council.  !Mr.  G.  G.  Pursey,  the  Librarian, 
presented  the  publications  received  since  the  last  meeting.  The.se  in- 
cluded the  Annual  Report  of  The  Mathematical  and  Physical  Society  of 
University  College,  Toronto,  and  a  paper  by  Dr.  Veeder,  on  "  Magnetic 
Disturbances  Caused  by  Solar  Influence." 

Under  the  head  of  observations,  of  which  there  had  been  few,  owing 
to  the  prevalence  of  cloudy  skies,  a  letter  from  Dr.  J.  C.  Donaldson,  of 
Fei'gus,  was  read.  That  observer,  when  opportunity  afforded,  had  been 
endeavoring  to  compare  the  light  of  Satellites  III  and  IV  of  Jupiter, 
when  sufficiently  near  together  for  the  purpose,  and  to  prosecute  his 
double-star  work.  His  observations  on  Satvirn  showed  that  the  ring- 
system  had  opened  out  considerably,  the  dark  outlines  of  tlie  sky  being 
clearly  visible  between  the  ausce  and  the  planet ;  observations  wliich 
were  confirmed  by  Dr.  A.  D.  Watson  and  Mr.  Arthur  Harvey,  of  To- 
ronto.     Dr.  Donaldson  also  enclosed  a  communication  f  I'om  Professor  E.  C. 
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Pickering,  Director  of  the  Harvard  College  Observatory,  respecting  cer- 
tain double-stars  in  regions  of  sky  containing  a  Capricorni  and  the  bright 
star  Castor,  which  had  been  photographed  at  the  observatory  during  the 
past  year,  and  concerning  certaiii  supi)0sed  variability  in  which,  Dr. 
Donaldson  had  written  to  him.  Mr.  G.  E.  Lumsden  and  other  members 
reported  a  ))arhelion,  or  ''  mock  sun,"  observed  between  5  and  6  o'clock 
on  March  17th.  The  phenomenon  showed  the  somewhat  unusual  feat- 
ures of  double-rings  around  the  Sun  and  of  double-inverted  arcs.  The 
sky  was  very  hazy,  and  in  parts  quite  cloudy.  During  a  portion  of  the 
time,  the  Sun  itself  was  almost  totally  obscured  by  a  small,  dense  cloud, 
yet  the  "sun-dogs  "  North  and  South  of  him,  even  badly  defined  as  they 
were,  were  too  brilliant  to  be  steadily  gazed  upon.  It  was  stated  that 
the  parhelion  had  also  been  seen  at  a  point  some  thirty  miles  North  of 
Toronto,  indicating  that  the  same  atmospherical  conditions  prevailed 
there.  Reports  upon  the  planet  Mercury  and  sun-spots  were  made  by 
Messrs.  Harvey,  A.  F.  Miller,  A.  Elvins  and  others. 

"  Holmes'  Comet"  was  the  subject  of  the  first  paper,  w^hich  was  I'ead 
by  Mr.  J.  A.  Copland,  who  had  paid  considerable  attention  to  the  obser- 
vation of  meteors.  Mr.  Copland  reviewed  the  history  of  the  comet 
since  its  discovery,  quite  accidentally,  on  the  Gth  of  November,  1892,  by 
Ml'.  Edwin  Holmes,  F.R.  A.S.,  a  well-known  English  amateur  astronomer.. 
At  first,  the  visitor,  which,  almost  at  ance,  assumed  startling  proportions, 
was  identified  with  the  lost  co£uet  of  Biela,  and  a  German  astronomer 
of  reputation  having  announced  that  it  would  probably  strike  the 
Earth  on  Sunday  evening,  the  27th  of  November,  much  popular  excite- 
ment was  the  result.  But,  before  that  date  arrived,  apprehension  was 
removed  by  the  discovery  that  the  comet  was  really  receding  from, 
and  not  approaching,  the  Earth.  The  interest  in  the  comet  was 
heightened,  however,  by  the  magnificent  meteoric  displays  witnessed 
in  many  places  on  Wednesday  evening,  the  23rd  of  November.  Mr. 
Copland  said  that  the  chief  point  of  radiation  seemed  to  lie'  in  the 
constellation  of  Andromeda,  ajjproxiraately  ten  degrees  East  iind  four 
degrees  North  of  the  position  of  the  Holmes'  Comet  at  the  time,  and  that 
a  noticeable  featiire  of  the  rich  shower  was  the  paucity  of  really  brilliant 
individuals.  Some  Toronto  observers  calculated  that  the  numerical  rate 
of  fall  was  about  twenty  per  minute.  Professor  Young,  of  Princeton, 
N,  J.,  counted  the  meteors  shooting  downward  at  the  rate  of  one  hundred 
in  four  or  five  minutes  ;  and,  in  his  report,  he  calculated  that  within  his 
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range  of  vision  the  total  number  which  fell  during  five  houi'S  was  over 
thirty  thousand.  ( >ther  observers  recorded  from  fifty  to  sixty  every  five 
minutes.  This  would  correspond  to  a  deluge  of  four  hundred  million 
meteors  descending  upon  the  half  of  the  Earth's  surface  turned  toward 
the  radiant.  If  each  meteor  be  averaged  as  being  fractionally  over  one 
cubic  inch  in  bulk,  there  was  a  mass  of  thirty-four  million  cubic  feet  of 
matter  deposited  upon  one  hemisphere  of  the  Earth,  which,  it  was  calcu- 
lated, must  have  moved  across  a  meteoric  stream  three  hundred  and 
sixty  thousand  miles  wide.  In  the  course  of  his  paper,  Mr.  Co|)land 
discussed  the  peculiar  variation  in  the  l)rightness  of  the  comet,  referring 
specially  to  the  outburst  on  the  16th  of  January,  1893  ;  its  orbit,  its 
period,  it  having  proved  to  belong  to  Jupiter's  family,  and  its  connection 
with  a  meteoric  stream  having,  apparently,  a  shifting  radiant-point. 
The  paper  was  illustrated  by  several  large  diagranis,  carefully  drawn 
to  scale,  and  was  deeply  interesting  and  instructive. 

With  a  view  to  interesting  the  members  generally  in  the  special 
study  of  the  ])lanet  Saturn,  then  well  situated  for  observation,  a  .series  of 
"  Five  Minute  Papers,"  each  dealing  with  some  planetary  feature,  had 
been  invited.  The  response  was  hearty,  and  more  were  offered  than 
could  be  read,  several  being  I'eserved  for  a  future  occasion.  The  object 
in  view  was  accomplished,  as  it  was  evident  that  the  ])lanethad  received 
a  good  deal  of  attention. 

Miss  Sarah  L.  Taylor  read  the  first  paper,  which  included  a  terse 
account  of  the  discovery  of  the  planet,  his  rings  and  his  moons,  each 
new  discovery  marking  some  step  in  the  iniprovement  of  the  telescope. 
The  work  of  Galilei,  Huyghens,  Cassini  and  others  was  touched  upon, 
and  the  telescopic  appearance  of  the  planet,  very  probably  the  most 
interesting  member  of  the  solar  .system,  was  grai)hically  described. 

The  second  paper  was  read  by  Mr.  G.  G.  Pursey,  who  took  for  his 
subject  "  Saturn  as  a  Habitable  Globe."'  Necessarily,  the  writer  had  to 
deal  largely  in  speculation,  which  was,  however,  made  highly  interesting 
by  the  manner  in  which  he  drew  deductions  from  facts,  due  to  long 
years  of  jiatient  observation,  maintaining  the  nebular  hypothesis.  Mr. 
Pursey  took  opportunity  to  discuss  several  theories  relative  to  the  forma- 
tion of  Saturn's  rings  and  moons,  which  do  not  accord  with  that  hypo- 
thesis. He  .succeeded  in  making  a  very  brief  paper  both  entertaining 
and  instructive. 
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Tlie  tliird  paper  was  contributed  by  Dr.  A.  D.  Watson,  wlio  rapidly 
described  and  discussed  tlie  causes  of  and  the  interesting  phenomena 
connected  with  the  disappearance,  at  certain  intervals,  of  Saturn's  rings, 
as  viewed  from  tlie  Earth — except  in  the  more  powerful  telescopes.  The 
doctor's  own  telescopic  observations  made  during  the  previous  three 
years,  during  which  certain  disappearances  occurred,  and  his  use  of 
elaborate  diagrams  and  the  orrery,  made  very  clear  the  various  scien- 
tific points  dealt  with  in  his  excellent  paper. 

The  last  paper  read  was  by  Mr.  Arthur  Harvey,  and  was  entitled, 
"  The  Simple  Mathematics  of  Saturn."  This  paper,  which  was  profusely 
illustrated  by  diagrams,  and  contained  numerous  tables,  calculated  by 
the  author,  was  accompanied  by  a.  representation  of  the  planet  beauti- 
fully drawn  in  coloured  chalks.  In  ra])id  survey,  Mr.  Harvey  described 
the  appearance  of  the  solar  system  as  viewed  from  without ;  as  seen 
from  the  Sun  ;  as  seen  from  the  Earth  ;  and  the  retrograde  motions  of 
the  planets  ;  exj^lained  how  the  periodic  times  of  the  planets  are  ascer- 
tained ;  how  their  distances  are  calculated  ;  how  their  specific  gravities 
are  known,  and  refo'red  to  the  dimensions  of  Saturn  and  of  his  rings 
and  moons.  Tlie  [)aper  bore  evidence  of  careful  preparation,  most  of 
the  equations  made  use  of  having  been  worked  out  by  the  author  for 
the  purposes  of  practically  illustrating  the  formula'  employed  by  the 
mathematicians.  As  the  various  papers  were  read,  questions  were  asked 
and  answered,  and  ol)servations  upon  them  made. 


SIXTH  MEETING. 

Ajn-il  -ttli ;  Dr.  Larratt  W.  Smith,  Q.C.,  Vice-President,  in  the 
chair.  Communications  were  read  from  Sir  Robert  S.  Ball,  Lowndeau 
Professor  of  Astronomy  and  ^lathematics  at  Cambridge  University, 
thanking  the  Society  for  a  copy  of  its  Reports  ;  M.  L.  Niesten,  of  the 
Royal  Observatory,  Belgium,  thanking  the  Society  for  papers  sent,  and 
from  Professor  W.  H.  Pickering,  Director  of  the  Harvard  Observatory, 
Arequipa,  Peru,  who  intimated  that  his  report  on  Mars  would  be  pub- 
lished soon  after  his  return,  in  a  few  months,  to  the  United  States,  and 
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that  the  nomenclature  of  the  planet  would  probably  receive  attention  at 
the  meetinsr  of  astronomers  to  be  held  at  Chicairo. 

Mr.  G.  G.  Pursey,  the  Librarian,  presented  a  number  of  publications, 
including  "  Terrestrial  Atmospheric  Absorption  of  the  I'hotographic 
Rays  of  Light,"  by  Professor  J.  M.  Scliaeberle,  of  Lick  Observatory  ; 
"  Solar-Electro  and  Magnetic  Induction,"  by  Dr.  M.  A.  Veeder,  of 
Lyons,  N.  Y.,  and  the  current  issues  of  the  Royal  Society,  the  Royal 
Astronomical  Society  and  other  bodies.  Considerable  time  was  spent  in 
discussing  schemes  having  for  their  object  the  promotion  of  the  best 
interests  of  the  Society  and  the  plan  upon  which  the  work  of  the  Opera- 
Glass  Section  should  be  conducted.  The  reports  included  a  series  of 
solar,  planetary  and  stellar  observations  by  Dr.  J.  C.  Donaldson,  of 
Fergus. 

Mr.  Arthur  Harvey  read  a  desci'iption  of  observations  made  during 
the  previous  fortnight,  for  the  purpose  of  showing  how  some  of  the 
apparently  intricate  problems  of  Astronomy  may  he  simplified  by  a  little 
practical  work.  The  subject  dealt  with  was  the  obtaining,  by  such  ready 
and  simple  aids  as  are  at  the  hand  of  every  amateur,  the  distance  of  the 
planet  Saturn  from  the  Sun.  By  drawing  maps  of  the  region  of  the  sky 
occupied  by  Saturn  and  three  bright  stars,  on  March  28th,  at  4  a.m., 
and  again  on  April  1st,  11  p.m.,  and  adopting  a  rude  method  of  triangu- 
lation,  Mr.  Harvey  said  he  was  able  Ijy  means  of  a  six-feet  upright  fixed 
in  the  ground  and  carrying  a  measuring  bar,  marked  off  into  sixty  inches 
and  (by  means  of  the  screw  fastening  it  to  the  npi'ight  at  one  side) 
swinging  like  the  arms  of  a  windmill,  to  ascertain  the  apparent  distance 
moved  over  in  two  weeks  by  the  planet,  then  retrograding  towards  the 
West.  Having  these  data,  a  few  easy  calculations  enabled  him  to  com- 
pute Saturn's  distance  as  9.7172  times  the  distance  of  the  Earth.  The 
distance  given  by  the  authorities  is  9.538,  obtained  only  after  the  use  of 
exact  scientific  methods.  Mr.  Harvey  explained  that  he  had  not 
applied  corrections  for  ellipticity,  increased  velocity  of  the  ])lauet  in 
perihelion,  aberration,  etc. 

Mr.  G.  E.  Lumsdeu  presented  an  interim  Report  from  the  Joint 
Committee  on  the  Reckoning  of  the  Astronomical  Day.  Mr.  0.  P. 
Sparling,  the  Recording  Secretary,  was  authorized  to  extend  to  the 
members  of  The  Canadian  Institute  an  invitation  to  attend  the  next 
meeting  of  the  Society,  as  a  special  paper,  with  experiments,  on  "  The- 
Polarization  of  Light,"  was  to  be  read  by  Mr.  C  A.  Chant,  B.A. 
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The  paper  of  the  evening  was  entitled 

"  THl':  CANALS  OF  MARS," 

and  was  contributed  by  IMr.  S.  E.  Peal,  of  Sibsagar,  Asam,  India,  a  Cor- 
responding ideinber.  In  the  course  of  his  paper,  Mr.  Peal  said  that 
4iniong  the  most  recent  lemarkable  geological  discoveries  of  modern 
times,  according  to  the  authorities,  was  the  permanence  of  continents 
and  of  ocean-basins ;  that  the  continents  and  oceans  have  occupied  the 
same  general  position  they  do  now  :  that  the  solid  crust  of  the  Eartli  has 
always  been  subject  to  distortion  ;  that  the  general  trends  of  the  coast- 
lines must  have  been  modified  from  time  to  time  by  the  movements  of 
the  lithosphere,  due  to  the  sinking  in  and  crumj^ling  uj)  of  the  crust  on 
the  cooling  and  contracting  nucleus ;  that  the  earliest  wrinkles  coming 
into  existence  would  be  meridional,  or  sub-meridional,  and  that  such  is 
the  prevailing  direction  of  the  most  conspicuous  Earth  features,  such  as 
mountain-chains  and  coast-lines  ;  that  these  discoveries  give  the  clue  to 
the  cause  for  the  [iresent  distribution  of  land  and  water,  and  that  they 
should  be  of  the  highest  value  in  studying  the  permanent  features  of 
other  globes.  Tested  by  the  Moon,  Mr.  Peal  said  these  discoveries  were 
borne  out  in  the  most  I'emarkable  manner;  that  the  slow,  persistent  sub- 
sidence of  ocean -floors,  together  with  the  Nortli  and  South  arrangement 
of  the  land  and  sea-areas,  due  to  tidal  distortion,  or  rupture,  in  the 
•early  stage  of  crust-lbrmation,  are  common  features  of  the  Earth-Moon 
system,  ))ut  that  on  Mars,  which  has  no  large  satellite  and  whereon  the 
effect  of  solar-tides,  according  to  Professor  Darwin,  are  "  inconsiderable," 
one  of  these  two  features  is  practically  absent,  the  result  being  a  totally 
different  distribution  of  land  and  water  and  a  conspicuous  absence  of 
large  equatorial  oceans  placed  meridioually,  as  in  our  Atlantic  and 
Pacific,  and  in  lieu  of  them  an  equatorial  girdle  of  land-masses  and  only 
two  oceans,  one  on  each  pole  ;  that  this  peculiar  arrangement  was,  there 
could  scarcely  be  a  doubt,  due  to  the  following  causes :  {a)  that  on  Mars 
the  earlier  j)hases  of  crust-formation  began  at  the  poles,  which,  as  time 
passed,  became  sea-basins  ;  that  by  the  slow  subsidence  of  the  fiooi's  of 
these  polar-oceans,  which  would  be  the  coldest  and  densest  portions  of 
the  crust,  the  emergence  of  the  equatorial  land-girdle  would  at  last  fol- 
low as  a  natural  consequence  ;  {h)  that  the  comparative  continuity  of  this 
latter  would  be  assured  by  the  absence  of  a  large  satellite  causing  tidal- 
rupture,  as   in    our   case,  the    solar    influence    being  "inconsiderable." 
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Thus  tlie  two  features,  so  conspicuously  seen,  as  influencing  the  distri- 
bution of  land  and  water  on  our  Earth — i.e.,  permanence  and  subsidence 
of  ocean-floors,  together  with  tidal-distortion,  inducing  a  sub-meridional 
arrangement — would  seem  to  be  valuable  aids  in  interpreting  the  distri- 
bution of  land  and  water  on  Mars.  But  though  "  inconsiderable,"  the 
solar  influence  would  yet  cause  limited  tides,  a  little  before,  during  and 
after  the  equinoxes  and  tend  to  cause  an  "  over-spill  "  from  one  basin 
into  the  other  when  one  of  the  poles  was  turned  towards  the  Sun.  Such 
tide-water  passing  across  the  equatorial  land-girdle  b}^  the  lowest  levels 
would  cause  channels  or  "  canals,'  which  the  "  bore  "  would  tend  to 
straighten,  especially,  if  in  alluvial  strata.  At  the  equinoxes  the  tides 
would,  during  the  day-time,  be  drawn  un  the  canals  from  each  polar 
basin  on  to  the  equatorial-region  by  solar  attraction,  the  return  flow  tak- 
ing place  at  night.  Thus,  even  with  limited  tides,  the  effectual  circula- 
tion of  the  water  on  IVfars  would  probably  much  exceed  that  seen  on  our 
Earth  and  its  heating  by  the  solar  ra3-s  to  a  large  extent  daily  in  the 
tropics  would  be  greater  tha-n  with  us.  The  circulation  of  this  heated 
water  in  each  polar  basin  might  well  account  for  the  smallness  of  the 
■"  polar-caps,"  the  net-work  of  canals  across  the  equator  acting  as  an 
efficient  water-heater,  mitigating  thereby  the  rigors  of  the  arctic  and 
antarctic  climates.  The  occasional  duplicity  of  the  canals  might  pos- 
sibly be  due  to  the  presence  in  them  of  a  series  of  islands,  like  the  sand 
"  churs "  of  the  Brahmapootra,  a  liver  which  is  very  seldom,  indeed, 
found  to  flow  in  one  channel,  and  some  of  whose  islands,  like  the 
"  Majuli,"  or  middle-land,  are  one  hundred  and  thirty  miles  long  b}'  ten 
to  twenty  broad.  From  an  elevation  of  twenty  to  thirty  miles,  in  fact, 
this  river  would  undoubtedly  present  the  appearance  of  a  series  of  long 
loops.  Mr.  Peal  closed  his  paper  by  stating  that  if  the  geological  axiom 
of  the  permanent  subsidence  of  ocean-floors,  so  clearly  seen  on  the  Earth 
and  Moon,  applies  to  Mars,  "  we  can  see  at  once  that  the  completeness 
of  the  equatorial  land-gii'dle  is  due  to  the  absence  of  tidal-rupture  by 
a  large  satellite  and  also  an  intelligible  reason  for  the  origin  of  the 
'canals'  as  tide- ways  open  to  the  polar-basins  at  each  end."' 

The  paper  provoked  a  spirited  discussion,  led  by  Mr.  Harvey,  who 
■warmly  differed  from  those  geologists  who  hold  the  views  with  respect  to 
permanent  continents  and  ocean-basins,  and  meridional  and  sub-meri- 
dional troughs  and  ridges,  credited  to  them  by  Mr.  Peal.  He  argued 
at  some  length  in  support  of   the  contrary  view,  adding,  however,  that 
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the  writer  of  the  papei-  did  not  require  these  alleged  discoveries  of  the 
geologist  to  suVjstantiate  his  theory.  Dr.  Smith  (the  Chairmau),  Mr. 
Elvins,  and  others  also  spoke  on  the  subject.* 


/ 
SEVENTH  MEETING. 

April  18th  ;  Mr.  Charles  Car])niael,  M.A.,  F.R.A.8.,  Director  of  the 
Toronto  Observatory  and  President  of  the  Society,  presiding. 

This  meeting,  which  was  an  open  one,  was,  by  pei'mission  of  Pro- 
fessor James  Loudon,  INI. A.,  Pi-esident  of  the  University  of  Toronto^ 
held  in  the  Physical  Department  of  the  University,  and  was  attended 
by  one  hundred  and  fifty  memljers  of  the  Society  and  their  friends. 
On  taking  the  chair,  Mr.  Carpmael  announced  that  the  routine  business 
of  the  meeting  would  be  transacted  at  a  later  hour,  in  order  to  secure 
for  the  writer  of  the  paper  the  time  required  to  i-ead  it  and  to  perform 
the  experiments  by  which  it  was  to  be  illustrated. 

Mr.  0.  A.  Chant,  B.A.,  Lecturer  in  Physics  in  the  University  of 
Toronto,  was  introduced,  and  read  the  following  paper  : — • 

THE    POLARIZATION   OF    LIGHT. 

The  phenomena  of  light  have  occupied  the  attention  of  thoughtful 
minds  ever  since  it  began  to  hasten,  on  its  errand  of  mercy,  into  every 
dark  corner  of  the  Universe  ;  but  only  in  quite  modern  times  has  any 
great  advance  been  made  in  unravelling  the  mystery  in  which  was 
wrapped  its  nature  and  some  of  its  wonderful  effects.  Indeed,  it  is  only 
in  recent  years  that  any  serious  progress  has  been  made  in  any  depart- 
ment of  Science  ;  but,  of  the  different  branches,  Optics  was  the  first  to 
receive  effective  examination  at  the  hands  of  eminent  mathematical 
physicists. 

In  1676,  the  Danish  astronomer  RJJmer  demonstrated  that  light 
travels  with  a  measurable  velocity.  He  discovered  this,  as  perhaps  most 
of  you  already  know,  by  observing  that  the  time  for  an  eclipse  of  one  of 
Jupiter'.s  satellites  did  not  agree  with  the  time  predicted  from  calcula- 

*  Mr.  Peal's  paper  was,  ou  api)lication  of  the  Editor,  permitted  to  be  pub- 
lished in  full  in  the  May  number  of  The  Canadian  Magazine,  Toronto. 
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tions  based  on  its  mean  motion.  This  was  explicable  only  on  the  sup- 
position that  light  was  propagated  with  a  Unite  velocity,  the  difference 
in  the  times  being  due  to  tlie  fact  that,  at  some  parts  of  her  orbit,  the 
Earth  is  farther  from  the  planet  than  at  others.  This  velocity  he  esti- 
mated to  be  one  hundred  and  ninety-two  thousand  miles  per  second. 
Sixty  years  afterward,  Bradley,  the  English  astronomer,  cai-efully  meas- 
ured the  aberration  of  the  fixed-stars  (the  maximum  being  little  more  than 
20",  or  the  64,800th  part  of  a  circle),  and  using  the  value  then  accepted 
for  the  solar-parallax,  the  resulting  velocity  of  light  was  very  nearly 
the  same  as  that  before  stated.  But,  in  our  own  times,  apparatus  of 
exceeding  delicacy  have  been  constructed,  by  means  of  which  this  amaz- 
ing velocity  has  been  directly  measured,  simply  by  calculating  the 
length  of  time  taken  to  travel  a  few  feet,  the  whole  experiment  being 
performed  in  a  darkened  room.  When  we  learn  that  to  traverse  the 
short  distance  used  in  the  experiment  less  than  TuuuVuxr^th  of  a  second 
was  required,  we  can,  in  some  small  degree,  realize  the  immense  difficul- 
ties to  be  overcome  in  the  experiment.  All  the  results  agree  very 
clo.sely,  and  it  is  believed  that  one  hundred  and  eighty-six  thousand 
miles  per  second  is  pretty  accurately  the  velocity  of  light. 

But  the  nature  of  light  itself  is  what  I  wish  more  especially  to  con- 
sider ;  and,  after  that,  the  explanation  of  some  odd  phenomena  by  using 
the  accepted  theory.  We  start  with  the  fact  that  a  mechanical  influence 
enianates  from  one  body,  travels  with  a  finite  velocity,  and  influences 
another  body.  Now,  we  can  conceive  of  only  two  modes  by  which  this 
can  take  place.  The  influence  is  mechanical,  and  that  implies  the  action 
of  matter  of  some  kind.  This  matter  we  may  suppose  to  be  shot  forth 
in  the  manner  of  a  projectile ;  or  we  may  suppose  that  the  matter  which 
is  influenced  exists  in  the  space  between  the  influencing  and  influ- 
enced bodies,  that  the  disturbance  is  made  by  the  influencing  body,  and 
that  one  part  of  the  medium  passes  it  on  to  the  next,  till  at  last  it 
reaches  the  body  influenced.  Bullets  exemplify  the  first  phenomena ; 
waves  on  the  surface  of  water,  and  sound  passing  through  the  air  the 
second.  The  question  then  arises,  which  view  shall  we  accept?  The 
first,  commonly  known  as  the  Theory  of  Erai-ssion,  or  the  Corpuscular 
Theory,  seems  to  explain  many  things  well.  Rectilinear  propagation,  rays, 
or  pencils  and  shadows,  aberration,  the  laws  of  reflexion  and  refraction, 
can  all  be  easily  explained  on  this  hypothesis.  To  accept  this  theory,  we 
must  be  willing  to  believe  that   matter  is  continually  rushing  into  our 
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«yes  at  the  rate  of  one  liundiod  and  eiglity-six  thousand  miles  per 
second,  and  yet,  without  any  .serious  injury.  On  tlie  face  of  it,  this  seems 
preposterous,  but  we  must  not,  on  tiiat  account,  cast  it  aside.  There  is 
not  a  single  theorj'  which  aims  to  go  to  the  root  of  natural  processes  in 
which  there  are  not  results  equally  astounding.  We  shall  see  this  in 
the  alteri)ative  theory,  namely,  that  of  waves.  For  the  motion  to  be 
transmitted  to  us  by  means  of  undulations  we  must,  at  the  outset,  sup- 
po.se  that  the  interstellar,  interplanetary  and  intermolecular  spaces  are 
all  filled  with  .some  medium  ;  this  we  call  the  himiniferous  ether.  It  is 
commonly  considered  as  inijtonderable,  and  yet  it  must  possess  inertia, 
that  distinctive  property  of  matter.  By  this,  we  mean  that  to  pi'oduce  a 
finite  effect  requires  a  finite  time.  Sir  William  Thomson  has  tried  to 
<letermine  the  mass  of  this  wonderful  substance,  and  he  declares  that 
the  whole  of  it  in  the  visible  universe  contains  no  more  matter  than  is 
in  a  half-pound  weight.  Now,  which  of  these  shall  we  take  1  If  we 
can  prove  that  one  is  wrong,  we  have  no  option ;  at  least  for  the 
time  being,  we  must  accept  the  other.  There  is  an  experiment  which 
determines  which  must  go. 

In  explaining  the  phenomenon  of  refiaction  by  the  emission  theory  we 
are  led  to  the  result  that  the  denser  the  substance,  the  greater  must  be 
the  velocity  of  light  in  it  ;  while,  by  the  undulatory  theory,  in  account- 
ing for  this  same  phenomenon,  we  reach  a  result  exactly  contradictory  of 
the  other,  namely,  that  the  denser  the  substance  the  slower  must  the 
<Jisturbance  ti-avel  through  it.  Now,  at  least  one  of  these  must  be 
wrong,  and  only  experiment  can  determine  which.  Foucault,  the  bril- 
liRnt  French  experimenter,  whose  method  of  measuring  the  velocity  of 
light  I  have  referred  to,  made  this  deteimination.  In  his  apparatus  he 
made  the  light  pass  through  a  long  tube  of  water,  and  the  result  clearly 
showed  that  it  took  the  light  longer  to  pass  through  this  substance  than 
through  the  open  air.  This,  then,  proves  that  the  denser  the  medium 
the  less  must  the  velocity  be,  and  as  the  emission  theory  juedicted 
•otherwise,  we  must  conclude  that  it  was  Avrong,  and  must  be  discarded. 
Of  course,  this  does  not  prove  that  the  other  theory  is  the  correct  one, 
but  it  is  the  only  one  we  have  to  fall'  back  on  ;  and,  though  it  is  to  be 
feared  that  there  are  many  points  in  it  not  perfectly  satisfactory,  we 
must  make  the  best  of  it.  However,  the  theory  has  been  adapted  to 
every  circumstance,  and  now  the  evidence  that  it  is  the  true  one  is  very 
strong.     Tims  we  are  led  to  embrace  the  Wave  Theory.     Imagine  now  a 
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•column  of  ether  reaching  all  the  way  from  your  eye  to  the  Sun.  It  is 
plain  that  a  wave-disturbance  may  travel  along  this  to  the  eye,  if  the 
vibrations  be  either  in  the  direction  of  the  column's  length,  or  at  right- 
angles  to  that  direction.  In  the  case  of  sound,  the  air  particles  oscillate 
in  the  line  of  propagation  ;  but  it  is  very  Avell  proved  that  the  displace- 
ments which  produce  the  phenomenon  light,  at  least  the  effective  dis- 
placements, are  perpendicular  to  the  direction  of  propagation.  Fix  your 
eye  as  you  stand  on  the  shoi'e  upon  that  piece  of  wood  tloating  out  upon 
the  surface  of  the  water.  You  notice  that  the  object  seems  to  rise  and 
fall  continuously,  but  that  it  hardly  ap])roaches  the  shore  at  all.  And 
yet,  the  wave-disturbance  is  transmitted  with  a  regular  velocity  :  there 
is  a  perpetual  I'olling  and  dashing  of  the  breakers  at  your  feet. 

It  may  Vje  well  to  give  here  one  or  two  definitions.  A  wave-length  is 
the  distance  from  the  crest  of  one  wave  to  the  crest  of  another  ;  or, 
more  generally,  from  a  point  on  one  wave  to  a  similar  point  on  the  next 
one.  By  amplitude  we  mean  the  distance  of  the  crest  of  a  wave  above 
the  mean  position  of  rest,  or  the  distance  of  the  trough  below  that  posi- 
tion ;  or,  if  you  consider  a  string  vibrating,  its  ami)litude  is  the  distance 
it  swings  from  its  natural  position.  It  is  the  distance,  from  rest,  through 
Avhich  the  individual  particles  oscillate. 

Let  us  now  take  another  step  forward,  and  a  most  important  step  it 
is.  A  most  wonderful  phenomenon  always  present  in  ■wave-motion  is 
that  of  interference.  Drop  a  pebble  into  still  water.  It  gives  rise  to  a 
series  of  cii'cular  waves,  each  wave  moving  out  from  the  centre  of  dis- 
tui'bance,  until  at  last  they  die  away.  Xow,  drop  two  pebbles  in  at  the 
same  time,  and  a  few  feet  apart.  These  will  give  rise  to  two  sets  of 
waves,  which  rapidly  approach  each  other,  and  then  mingle  together. 
Each  set  of  waves  will  affect  every  surface  particle  within  their  widen- 
ing circles,  and  you  at  once  see  that  there  aie  particles  which  will  be 
acted  on  by  the  two  sets  simultaneously.  The  invariable  rule  is,  that 
the  motion  of  every  particle  of  the  water  is  the  algebi-aic  sum  of  all  the 
motions  imparted  to  it.  If  one  crest  co-incide  with  another  crest,  the 
particles  there  will  be  raised  to  double-height,  their  amplitude  will  be 
twice  as  great ;  but  if  the  crest  of  one  series  co-incide  with  the  furrow  of 
the  other  series,  the  one  will  quite  destroy  the  other,  and  the  amplitude 
will  be  zero,  that  is,  at  that  point  we  shall  have  still  water.  Thus  we 
see  that  under  the  action  of  one  set  of  waves  a  particle  cannot  remain 
at  rest,  while,  if  acted  on  by  two  sets,  one  may  quite  oppose  the  other 
and  produce  quiescence.     Indeed,  the   places  where  the  particles  ai"e  at 
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rest  under  the  action  of  water-waves  can  easily  be  noticed.  Now,  in  the 
wave  theory  of  light,  quiescence  means  darkness;  hence  we  see  it  is 
theoretically  possible  for  two  series  of  waves,  that  is  two  lights,  to  pio- 
duce  quiescence,  that  is  darkness. 

We  can  easily  illustrate  by  means  of  sound.  When  two  sounding 
todies,  difl'ering  slightly  in  pitch  are  sounded  together,  a  peculiar  throb- 
bing sensation  is  produced.  This  is  due  to  interference.  Each  sound 
wave  consists  of  a  condensation  and  a  rarefaction,  the  former  corresponding 
to  the  crest  of  a  water  wave,  the  latter  to  its  trough.  At  one  time,  con- 
densation coincides  with  condensation,  and  we  have  a  loud  effect ;  then 
condensation  reaches  the  ear  from  one  source  at  the  same  time  that  rare- 
faction arrives  from  the  other,  the  two  motions  destroy  each  other,  and 
the  sound  almost  dies  away.  Thus  you  see  the  cause  of  the  throbbing 
sound ;  two  sounds  do  pi'oduce  silence,  and,  astonishing  as  it  may  seem, 
two  lights  can  produce  darkness. 

You  have  all  noticed  the  beautiful  iris  hues  which  are  pi'esented  to 
the  eye  when  oil  is  poured  upon  the  surface  of  water  in  sunlight.  These 
are  undoubtedly  due  to  interference.  The  brilliant  colours  of  soap-bubbles 
are  attributable  to  the  same  cause.  The  great  philosopher,  Newton, 
spent  much  of  his  time  in  examining  these  frail  transparent  films.^ 
Another  method  of  producing  these  "  Newton's-rings,"  as  they  are 
called,  is  by  placing  a  lens  of  long  focus  upon  a  plate  of  glass,  and  then 
projecting  light  upon  it.  In  this  case,  the  light  is  reflected  from  the 
two  surfaces  near  together.  The  waves  from  the  farther  surface  have  a 
slightly  greater  distance  to  go,  and  thus,  on  returning,  they  will  be  a 
little  behind  those  reflected  from  the  flrst  surface.  Whenever  they  are 
a  half-wave-length  behind  there  will  be  interference,  and  some  of  the 
colours  will  be  left  out.  Hence  we  get  coloured  rings.  If  we  use  light  of 
only  one  colour,  or  wave-length  (such  as  red),  we  obtain  simple  darkness 
where  the  interference  occurs.  From  this  we  deduce  the  rule  that  when 
two  series  of  waves  arrive  at  a  point,  the  one  half  a  wave-length  behind 
the  other,  they  will  totally  interfere  and  produce  darkness. 

I  have  ju.st  referred  to  a  fact  which  might  have  been  taken  up  ear- 
Jier,  namely,  that  white  light  is  compound.  The  seven  chief  components 
are  the  colours  of  the  rainbow,  and  we  believe  that  the  only  difference 
between  red  liglit  and  blue  light  is  in  the  length  of  wave,  that  of  the 
former  being  much  the  greater.  Thus,  it  would  seem  that  pitch  in  music 
corresponds  to  colour  in  light,  and,  indeed,  the  analogy  between  the  two 
has  been  pretty  carefully  worked  out. 
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The  different  wave-lengths  have  been  quite  accurately  measured,  and 
are  as  follow : 

LIGHT  WAVES. 

Colour.  Xo.  to  Inch.  O'fCiUation  per  Second. 

Red 39,000 477,000,000,000,000 

Orange    42,000 .")06,000,000,000,0<)0 

Yellow    44,000 r)35,000,000,000,000 

Green 47,000 o77,000,COO, 000,000 

Blue 51,000 <!22,000,000,000,000 

Indigo o4,000 058,000,000,000,000 

Violet 57,000 699,000,000,000,000 

"We  are  now  read}'^  to  consider  that  peculiar  undulatory  motion,  pos- 
sessing which,  light  is  said  to  be  polarized.  A  crj'stal  of  Iceland  spar 
seems  as  clear  as  glass.  But  let  us  now  project  a  beam  of  light  thi'ough 
it.  Strange  to  relate,  it  emerges  as  two  beams,  two  bright  spots  appear- 
ing on  the  screen,  apparently  of  equal  intensity.  Each  of  these  two 
beams  is  found  to  have  peculiar  properties.  One  of  the  beams  is  called 
the  ordinary,  the  other  the  extraordinary.  The  ordinary  ray  (or  beam, 
as  a  beam  is  a  bundle  of  rays),  has  peculiarities  which  are  symmetrical 
with  respect  to  a  certain  plane;  the  peculiarities  of  the  extraordinary 
ray  are  symmetrical  to  a  plane  at  right-angles  to  the  former,  and  each 
ray  is  said  to  be  jilane-polarized.  Newton  conceived  that  the  ray  had 
two  sides,  and,  comparing  this  to  the  two  ends  of  a  magnet,  wherein  is 
its  polarity,  he  said  the  light  was  polarized.  "With  our  present  theory,  the 
itiialogy  is  certainly  not  a  very  good  one,  but  the  phraseology  is  con- 
tinued. What  then  is  polarization  1  It  is  believed  that  when  light  is 
polarized,  its  vibrations  take  place  entirely  within  a  single  plane. 
Bi'fore  entering  the  crystal,  the  directions  of  vibration  were  incon- 
stant, first  in  this  direction,  then  in  that ;  but,  on  emerging,  the  vibra- 
tions of  the  ordinary  ray  are  all,  and  continuously,  in  a  single  plane, 
the  vibrations  of  the  extraordinary  being  continuously  in  a  plane  at 
right-angles  to  the  other  one. 

Many  crystals  have  the  power  of  polarizing  light.  Besides  Iceland 
spar,  tourmaline  performs  it  well  ;  but  it  is  hard  to  secure  a  piece  of 
this  crystal  suitable  for  a  lecture  experiment.  There  is  another  means, 
however,  of  getting  the  same  effect.  In  1808,  Malus  was  examining, 
through  a  crystal,  the  light  reflected  from  the  windows  of  the  Luxem- 
bourg Palace  in  Paris,  and,  to  his  great  astonishment,  he  found  that  the 
reflected  light  was  polarized.  It  has  been  found,  following  up  this  dis- 
covery, that  when  reflected  from  the  surface  of  almost  any  substance, 
except  metals,  light  is  partially  polarized,  and  that  when  the  tangent  of 
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the  angle  of  incidence  is  equal  to  the  index  of  refraction  of  the  sub- 
stance, the  reflected  ray  is  totally  polai-ized.  Many  are  the  reasons  for 
believing  that  in  this  case  the  viVjrations  are  parallel  to  the  surface. 

One  difficulty  in  experimenting  with  this  light  is  due  to  the  fact  that 
the  unaided  eye  cannot  detect  any  difference  or  ])eculiarity. 

On  passing  through  the  Iceland  spar  we  found  the  ray  divided  into- 
two,  the  vibrations  of  the  one  being  at  right-angles  to  those  of  the  othei'. 
Now,  to  examine  one  of  these  we  must  dispose  of  the  other  in  some  way. 
A  Scottish  optician,  named  Nicol,  did  this  very  cleverly.  He  took  a 
long  crystal  of  spar,  cut  it  along  a  certain  plane,  and  after  polishing  the 
two  surfaces  cemented  the  two  pieces  together  again  with  Canada  balsam. 
With  this  arrangement,  it  is  found  that  the  ordinary  ray  is  totally 
reflected  at  the  surface  of  the  balsam,  and  is  driven  entirely  out  of  the^ 
crystal,  leaving  us  only  the  extraordinary  ray  which  we  can  examine 
with  more  ease.  The  crystal  so  cut  is  called  a  "  Nicol-prism,"  and  is. 
cue  of  the  most  useful  pieces  of  optical  apparatus. 

Now,  let  us  take  two  Nicol-prisuis.  Project  the  light  through  the 
first  ;  it  emerges  polarized  ;  the  vibrations  are  in  a  single  plane.  Then 
let  us  project  this  light  through  a  second  Nicol-prism.  You  can  easily 
see  that  all  vibrations  passing  through  this  prism  must  be  in  a  single 
plane,  too.  If  this  plane  co-incides  with  the  similar  plane  in  the  other 
prism,  the  light  comes  through  easily,  but  if  we  turn  the  second  prisui 
about,  so  that  these  planes  are  at  right-angles,  the  light  cannot  get 
through  the  second  pri.sm  at  all,  and  we  should  have  darkness.  The  first 
prism  that  the  light  is  passed  through  is  called  the  polarizer,  the  second 
one  the  analyzer.  The  duty  of  the  former  is  to  polarize  the  light ;  tliat 
of  the  latter  to  see  if  the  polarizer  has  done  its  duty,  or  to  examine  the 
light  on  emergence  from  the  polarizer. 

Let  us  now  consider  our  experimental  disposition.  First  of  all,  w© 
project  the  beam  from  the  electric  lamp  against  a  pile  of  glass  plates. 
These  are  placed  at  the  correct  angle,  and  thus  the  light  reflected  from 
them  is  polarized.  Then,  Ave  make  this  pass  through  a  Nicol-prism,  and 
we  examine  the  efiect  ])roduced  on  the  screen.  In  a  certain  position  we 
find  the  analyzing  Nicol  comi)letely  shuts  out  the  light,  and  the  screen  in 
dark.  Now  the  glass  and  the  ^  icol  both  are  quite  as  clear  as  water,  and 
yet  the  light  caianot  get  through  them.  At  present,  we  have  darkness 
on  the  screen.  Introduce  now  between  the  polarizer  and  analyzer  a 
sheet  of  mica.     This  mica,  as  you  know,  is  quite  clear.     Before  we  put 
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it  in  we  have  darkness ;  after  we  insert  it.  brilliant  colours.  Whence 
come  these  beautiful  tints,  far  excelling  &ny  artificial  pigments  ? 

To  explain  this,  we  must  examine  the  mica.  It  is  known  as  a 
double-refracting  crystal,  and  in  it  are  two  directions,  at  right-angles  to 
each  other,  along  which  vibrations  can  be  transmitted.  Project  light 
against  the  plate  and  it  emerges  vibrating  in  these  two  directions,  but  it 
is  found  that  the  light  which  vibrates  in  one  direction  travels  in  the 
crystal  at  a  slower  rate  than  that  in  the  other.  Now,  on  coming  out  of 
the  polarizer,  the  light  is  vibrating  in  one  plane.  It  strikes  against  the 
crystal.  If  this  plane  is  parallel  to  either  one  of  the  mica's  two  dii'ec- 
tions,  the  light  will  pass  freely  through  the  mica,  but  can  get  no  further  ; 
the  analyzer  stops  it.  But  turn  the  mica.  The  incident  vibi'ation  is 
now  broken  up,  one  part  going  through  the  mica  in  one  plane,  the  other 
in  a  plane  at  right-angles  to  it.  But  one  has  gone  faster  than  the 
other.  The  analyzer  now  takes  hold  of  these  two  vibrations,  and  brings 
them  together  again  in  one  place  ;  but  one  is  beliind  the  other,  and  you 
know  from  the  laws  of  interference  that  if  one  is  a  half-wave-length 
behind  the  other  there  will  be  interference,  and  the  interfering  light  will 
be  cut  out  and  colour  be  produced.  Hence,  to  obtain  a  blue  colour, 
we  must  take  a  mica  plate  of  such  a  thickness  that  one  viljration  when 
i*^^  gets  through  is  just  half  a  wave-length  of  red  light  behind  the  other. 
If  this  is  the  case,  on  coming  together  again  the  red  rays  will  be  cut  out 
and  blue  produced.  Thus,  you  see  these  results  are  produced  by  a 
combination  of  polarization  and  interference. 

Exquisite  colours  can  be  secured  by  taking  pieces  of  mica,  or 
gypsum,  of  varying  thickness.  Placing  them  between  the  analyzer  and 
polarizer,  we  find  that  this  particular  thickness  gives  j-ed,  another  gives 
blue,  and,  taking  all  together,  we  have  beautiful,  brilliant  effects.  If 
now,  when  we  have  one  set  of  colours,  I  turn  the  analyzer  through  90^, 
complementary  colours  flash  out.  Here  we  have  a  i-ose  with  Ijeautiful 
red  petals  and  green  leaves  ;  turning  the  analyzer  through  90°,  we  lia\e 
green  petals  and  red  leaves.  This  action,  then,  is  due  to  a  peculiar  n)ole- 
cular  structure  which  the  substance  accpiires  on  crystallizing.  But  sinii- 
lar  colours  may  be  reached  with  what  is  known  as  unanneakid  glass.  A 
slab  of  glass  is  quickly  cooled  ;  the  outside  becojues  rigid,  and  tiie  inner 
part  cannot  settle  itself  naturally,  but  has  to  adapt  itself  to  the  rigid 
outside.  Thus  there  are  strains  in  the  substance,  and  the  molecules  are 
irregularly  arranged  ;  and   it  exerts  the  same  pflect  on  the  transmitted 


"24  Tlie  Astronomical  and  Physical  Society  of  Toronto. 

light  as  does  a  slice  of  mica.  I  have  not  even  mentioned  that,  besides 
plane  polarized  liglit.  we  have  circularly  and  elliptically  polarized  light, 
but  I  have  not  time  to  explain  the  terms. 

To  those  of  you  present  who  have  given  this  subject  any  study,  T 
may  say  that  I  hope  it  has  been  somewhat  refreshed  in  your  minds  ;  to 
the  rest  of  you,  I  fear  I  have  been  somewhat  tedious,  and  yet  I  trust  that 
we  all  have  a  more  detiiiite  conception  of  the  exquisite,  though  intricate, 
mechanism  of  this  wonderful  thing  light,  so  common  and  yet  so 
intensely  necessary  for  our  very  existence  ;  and  that  we  shall  feel  our 
interest  somewhat  quickened  when,  still  further  in  our  devotion  to 
Science,  we  seek  to  worship  at  Nature's  shrine,  in 

"  That  cathedral,  boundless  as  our  wonder, 

Whose  quenchless  lamps  the  Sun  and  Moon  supply 
Its  Choir  the  Winds  and  Waves,  its  organ  Thunder  ; 
Its  dome  the  sky." 

At  the  close  of  the  paper,  which  had  been  illustrated  by  a  series  of 
most  interesting  and,  in  many  instances,  very  beautiful  experiments,  a 
vote  of  thanks  was  heartily  accorded  Mr.  Chant,  and  also  to  Professor 
Loudon,  who  had  kindly  placed  the  rooms  and  apparatus  at  the  service 
of  the  Society.  In  moving  the  vote  of  thanks,  Mr.  John  A.  Patenson, 
M.A.,  referred  to  the  pleasure  whii^h  many  of  the  audience  experitnced 
in  renewing  their  acquaintance  with  a  .subject  so  instructive  and  so 
admirably  presented  by  tJje  lecturer,  and  recalled  the  days  when,  a.s 
undergraduates,  he  and  others  had,  in  those  very  halls,  listened  with 
delight  to  scientific  lectures.  In  seconding  the  motion,  Mr.  A.  Elvins 
dwelt  on  the  many  merits  of  the  paper  and  the  success  which  had 
attended  the  experiment.s,  and  said  that  a  wish  long  entertained  by  liim 
had  been  gratified  by  the  meeting  of  the  Society  in  the  well-appointed 
lecture-rooms  of  the  University.  In  pi-esenting  to  Mr.  Chant  the  thanks 
of  the  Society  and  visitors,  Mr.  Carpmael  stated  that  not  only  had  the 
paper  been  made  liighly  interesting,  but  that  Mr.  Chant  had  succeeded 
in  condensing  into  one  lecture,  and  in  making  clear  to  a  popular  audi- 
ence, subject-matter  usually  occupying  many  lectures,  even  as  given  by 
masters  of  physics,  such  as  Faraday,  Tvndall  and  Stokes,  all  of  whom 
he  (Mr.  Carpmael)  had  had  the  pleasure  of  hearing  speak  on  the  subject 
of  light. 

]\Iany  of  the  audience  remained  to  inspect  the  acoustic  apparatus  in 
the  adjoining  room,  while  the  business  of  the  meeting  was  continued. 
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Among  the  letters  read  was  a  communication  from  the  Reverend  T. 
E.  Espin,  F.R.A.S.,  of  Wolsingham  Observatory,  England,  announcing 
tlie  discovery  that  Star  No.  180  of  Espia's  Catalogue,  was  variable  :  one 
from  Dr.  M,  A.  Yeeder,  transmitting  a  paper  on  "  The  Source  of  Solar 
Heat ;  "  one  from  Mr.  S.  E.  Peal,  of  Sibsagar,  Asam,  India,  enclosing 
a  paper  on  "  Selenology  ;  "  and  two  from  Dr.  J.  C.  Donaldson,  of  Fergus, 
describing  a  series  of  observations  on  Saturn  and  on  some  rather  difficult 
double-stars,  in  which  he  had  been  successful.  Dr.  James  SIcDermott, 
of  Sunderland,  Ont.,  was  elected  an  Active  ^Member.  Five  candidates 
for  Active  Membership  were  proposed. 


EIGHTH   :\IEETIXG. 

!May  2ik1  ;  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the  chair. 
The  attendance  was  large.  The  following  Active  Members  were  elect- 
ed :— Mes.srs.  A.  T.  DeLury,  B.A.,  John  Duft;  B.A.,  G.  F.  Hull,  B.A., 
W.  B.  Musson,  J.  W.  Smith,  ]\I.D.,  and  J.  Von  Sommer,  of  Toronto. 

The  Constitution  and  By-laws  of  the  Society  were  amended  and  con- 
solidated. Letters  were  read  from  Rev.  T.  E.  E.spin,  F.R.A.S..  of  Tow 
Law,  England,  i-esnecting  the  variability  of  Stars  Es-Birni.,  Numbers 
545  and  5G1,  and  from  Dr.  M.  A.  Veeder,  of  Lyons,  N.Y..  announcing 
that  Lieutenant  Peary,  of  the  United  States  Navy,  would,  during  his 
expedition  to  Noi-thernmost  Greenland,  record  obser\ations  of  the 
aurora  upon  a  plan  that  would  enable  comparisons  to  be  made  in  detail 
with  records  from  other  localities.  Observations  on  the  Sun  and  Saturn 
were  reported.  Attention  was  drawn  by  Mr.  Arthur  Harvey  to  the 
prevalence  of  interesting  sun-spots  ;  also,  to  the  fact  that  very  shortly 
Saturn  would  begin  to  move  again  to  the  Eastward,  and,  in  doing  so,  would 
pass  the  star  y  Virginis  so  closely  as  to  give,  almost  from  night  to 
night,  evidence  of  motion.  Dr.  Donaldson,  of  Fergus,  requested  obser- 
vers to  examine  the  companions  to  the  double-stars  <>  and  k  Geminorum  ; 
with  T'espect  to  the  companion  to  k  variability  had  been  suggested,  but 
that  is  regarded  as  doubtful,  even  thougli  he  had  not  been  able  to  pick 
it  up  with,  a  Zh  inch  Cooke  refi'actor,  while  he  had  no  difficulty  in 
seeing  the  conies  to  d  with  the  aperture  of  same  telescope  reduced  to  2^ 
inches.  ]\Ir.  G.  G.  Pursey,  the  Librarian,  presented  a  series  of  Reports 
from  vai'ious  Societies  in  En  "land. 
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After  routine  business  was  disposed  of,  Dr.  Yeeder,  who  had  spent 
a  portion  of  the  day  at  the  Toronto  Observatory  in  consultation  with 
Professor  Carpmael,  was  introduced  and  warmly  received.  Dr.  Veeder 
said  he  had  had  occasion  to  visit  Buffalo  in  connection  with  his  investi- 
gations into  the  cause  of  aurora?,  and  had  availed  himself  of  the  oppor- 
tunity to  come  on  to  Toronto  and  make  some  inquiries  respecting  the 
invaluable  magnetic  records  at  the  Observatory,  extending,  as  th«;y  do, 
over  a  period  of  half  a  century.  His  visit  had  been  a  very  agreeable 
one.  He  referred  to  Lieutenant  Peary's  expedition  to  Northern  Green- 
land, and  said  he  was  confident  that  officer's  observations,  which  would 
extend  over  two  years,  would  go  far  to  removing  certain  difficulties 
which  now  meet  the  investigator  of  auioraj.  To  these  the  doctor  refer- 
red, and  by  using,  as  illustrations,  the  celebrated  aurorse  of  the  13th  of 
February  and  of  the  16th  of  July,  1892,  explained  the  value  of  the 
facts  that  it  was  expected  the  Lieutenant  would  establish.  Many  per- 
sons had  been  in  the  habit  of  observing  aurorsf  for  the  purpose  of  pre- 
dicting the  weather.  This  was  a  mistake.  Observers  of  aurora;  should 
be  meteorologists  rather  than  weather  prophets.  The  observations 
required  most  at  the  present  time  in  this  country  were  such  as  could  be 
made  by  anyone.  They  consisted  chiefly  in  recording  at  certain  hours 
the  fact  of  the  presence  or  of  the  absence  of  aurora.  Except  on  the 
occasion  of  great  and  general  displays,  aurora^  were  usually  local  in  their 
character.  For  instance,  an  aurora  visible  at  Toronto  might  not  be  visi- 
ble at  Quebec.  For  this  reason,  it  was  possible,  by  means  of  observers 
widely  scattered,  to  make  observations  by  which  the  limits  of  a  given 
display  could  be  determined,  and  by  which  it  could  be  ascertained 
whether  aurora^  frequented  certain  localities.  He  would  be  happy  to 
supply  blank  forms  to  anyone  who  would  undertake  to  make  the  simple 
entries  required.  From  making  these  entries,  one's  interest  in  the  work 
would  grow,  and  the  general  result  would,  no  doubt,  be  that  many  would 
be  led  to  investigate  the  subject  for  themselves.  He  acknowledged  the 
assistance  the  kSociety  had  rendered  him,  and,  in  a  complimentary  manner, 
alluded  to  its  enthusiasm  and  work.  Later  in  the  evening  the  subject 
was  again  brought  forward,  and  several  members  including  Messi'S.  Har- 
vey, A.  Elvins  and  the  Chairman,  stated  their  views  with  respect  to  the 
causes,  frequency  and  locality  of  aurora^,  and  suggested  some  theories  for 
Dr.  Veeder's  consideration. 
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Mr.  G.  G.  Piirsey  read  a  paper  on 

SOLAK    ilEAT, 

of  which  tlie  following  is  a  synopsis  : 

The  basic  truth  of  the  following  remarks  cannot  be  better  expressed,, 
perhaps,  than  by  the  words  of  a  familiar  writer,  who  says:  "For  th(v 
invisible  things  of  Him  from  the  creation  of  the  woild  are  clearly  seen, 
being  understood  by  the  things  that  are  made"  {Paid).  "The  univeise 
is  the  externization  of  the  soul  "  (Ej/in-soii). 

In  a  former  paper,  I  made  a  feeble  attempt  to  trace  matter  to  its 
source.  Tlie  subject  is  very  much  involved,  and  little  satisfaction  can 
be  derived  from  the  study  of  such  an  aljstruse  theme,  yet  I  am  persuaded 
that  a  glimpse  may  be  obtained  now  and  again  into  Nature's  laboratory 
that,  by-and-bye,  shall  expand  and  reveal  something  of  a  more  positive 
character.  It  was  attempted  to  be  shown  that  what  we  call  Matter  is 
Incarnated  Thought ;  Precipitate  of  Mind  ;  Crystallized  Spirit  ;  that 
vital,  spiritual  substance,  in  assuming  concrete  forms,  takes  upon  itself,, 
or  clothes  itself,  with  these  material  crystals  ;  that  the  more  tenuous 
or  thin  the  covering  of  any  particle,  or  series  of  particles,  the  more 
active  that  series,  and  it  was  suggested  that  magnetism,  or  electricity, 
may  be  of  that  character,  polarization  determining  largely  the  modes  of 
action  ;  that  the  more  dense  the  covering  of  the  particle,  the  more 
passive,  as  earths  and  metals,  and  that  the  particular  form  assumed  by 
each  series,  or  co-series  of  particles,  or  molecules,  determines  the  con- 
sistency and  use  of  the  mass.  The  fluid  molecule,  it  "svas  said,  must  be 
perfectly  globular  and  smooth  so  as  to  be  easily  mobile.  The  air  globules 
must  also  be  spherical,  very  light  and  very  elastic.  Under  pressure,  a 
volume  of  air  will  become  hot,  and,  under  sudden  and  intense  pressure,, 
will  present  that  phenomenon  we  call  tire.  May  it  not  be  that  in  such 
a  case  the  gross  material  coverings,  enclosing,  as  they  do  by  this  theory, 
active,  vital  centres,  become  ruptured,  thus  releasing  their  contained 
vital  principles,  which,  under  such  conditions,  produce  that  seu.satiou 
we  call  Heat  ;  light  resulting  from  the  excitation  of  the  luminiferous 
ether?  Immediately  on  the  removal  of  the  pressure,  the  molecules 
illapse  into  their  former  condition.  Were  it  not  so,  a  tire  once  kindled 
would  be  perpetual— if  these  air-globules  were  able  to  continue  in  an 
active  state — but  after  having  been  drawn  into  the  fire  by  the  current 
which  is  always  present,  they  hasten  to  escape,  and  retire  into  a  state  of 
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passivity  by  agMin  becoming  enfolded  in  crass  coverings,  thus  tending  to 
restoi'e  and  preserve  equilibrium.  The  great  solar-fire  may  be  composed 
almost  entirely  of  these  actives,  as  they  may  be  called,  retaining  their 
activity,  on  account  of  not  being  able  to  escape  from  the  conditions  by 
which  they  are  held  together,  but  wjien,  from  some  extraordinary  cause, 
portions  of  the  Sun's  mass  are  projected  to  a  great  distance  from  his 
surface  into  a  cooler  region,  these  actives  hasten  to  encase  themselves  in 
protective  envelopes,  thus  assuming  denser  material,  passive  forms,  as 
dark  cloud-like  masses.  These,  when  of  sufficient  magnitude  to  be  dis- 
cerned from  Earth,  constitute  that  nondescri})t  phenomenon,  sun-spots. 
From  the  nature  of  the  case,  these  agitations  are  perpetually  and 
increasingly  taking  place,  through  the  invasion  of  colder  waves  from  sub- 
zero space.  The  faculffi  and  willow  leaves,  or  rice  grains,  on  the  Sun's 
disc,  when  seen  on  his  rotating  limb,  appear  like  magnificent  pyrotechnic 
displays,  as  seen  during  an  eclipse  ;  being  nothing  more  than  crested, 
rolling  waves  of  white,  or  red-hot,  matter,  which  literally  cover  the 
entire  surface  of  the  Sun  :  for  it  must  be  remembered  that  only  the  most 
-extraordinary  and  colossal  upheavals,  or  outbursts,  reach  the  cooler 
breath  of  space,  so  as  to  congeal  into  opaque  clouds.  Such,  then,  in 
brief,  may  be  the  constitution  (and  shall  I  say  by-laws  1)  of  the  great 
solar-fire.  1  do  not  think  it  pro[)er  just  now  to  review  other  theories  as 
to  the  nature  or  maintenance  of  solar-heat,  but  here  boldly  make  this 
assertion,  solar-heat  is  not  maintained. 

You  have  seen  the  spai'ks  flying  about  the  smith's  forge  ;  follow  one 
of  these  to  the  ground,  pick  it;  up  if  you  can  find  it  for  it  will  not  burn 
your  fingers,  it  is  so  very  small  that  it  parted  with  its  heat  all  but  in- 
stantly. With  a  cold-chisel  the  smith  chips  ofi"  the  end  of  a  rod  of  red- 
hot  metal ;  it  drops  to  the  ground,  but  do  not  touch  it  just  yet,  although 
it  may  have  lost  its  ruddy  colour,  it  still  retains  sufficient  heat  to  burn 
your  fingers,  for  it  is  many  times  larger  than  the  spark  and  requires  just 
so  much  longer  to  cool.  In  1819,  Mount  ^tna  threw  out  large  quantities 
of  lava  ;  the  stream  was  several  feet  in  thickness.  After  nine  months, 
it  was  observed  to  be  moving  at  the  rate  of  a  yard  a  day.  An  instance 
is  on  record  of  a  flow  of  lava  from  the  same  mountain  being  in  per- 
ceptible motion  ten  years  after  the  eruption.  I  have  read  somewhere, 
that  in  South  America  some  forty  years  after  an  overflow  from  a  vol- 
cano, travellers  boiled  eggs  in  the  crevices  of  the  lava.  Our  Moon,  a 
tolerably  good-sized  body,  no  doubt  occupied  many  millions  of  years  in 
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cooling,  and  most  probably  had  raised  her  family  before  the  Earth  had 
brought  forth  her  first-born,  and  even  now  the  centre  may  be  in  a  state 
of  incandescence.  This  globe,  much  bigger  than  its  satellite,  is  following 
hard  after  in  the  coding  process,  but  on  account  of  its  volume  will  retain 
its  heat  a  long,  long  time  to  come,  as  there  must  be  5,000  or  6,000  miles 
of  molten  matter  inside  of  its  crust.  The  Sun,  more  than  a  million  times 
the  size  of  this  Earth,  has  so  far  resisted  the  attacks  of  the  enemy  as  to 
maintain  the  supremacy,  but  Time  will  tell.  Every  now  and  again  the 
antagonist  scores  one,  leaving  a  tell-tale  mark  on  his  face  ;  about  that 
phenomenon  we  guess,  and  sup})0se,  and  assume,  and  theorize,  but  as- 
surely  as  man  dieth  and  wasteth  away,  a  consummation  prefaced  by  these 
wrinkles  and  these  grey  hairs,  so  surely  is  that  spot  on  the  Sun's  face  a 
])recursor  of  total  extinction,  and  so  to  the  question  "How  is  the  solar 
tire  maintained?  "  I  simply  say  :  It  is  not  maintained,  but  is  dying  out 
just  as  rapidly  in  proportion  to  its  size  as  the  spark  from  the  forge.  If 
such  be  the  case,  there  is  no  necessity  for  contraction  theories,  meteoric 
theories,  or  even  that  advanced  by  our  esteemed  fellow-member,  Mr. 
Elvins,  and  supj)orted  by  Mr.  Kedzie,  that  the  waste  is  made  good  to  the 
Sun  by  interchange  of  material  from  other  suns  throughout  all  space.  I 
have  not  taken  sufficient  interest  in  that  theory  to  be  able  to  pronounce 
definitely  upon  it ;  I  simply  have  not  room  for  it.  The  meteoric  theory  I 
just  touched  xipon  and  will  leave  it  there.  The  contraction  theory  demands 
a  word.  Miss  Gierke  says  :  "  The  production  of  heat  by  contraction  ex- 
ceeds the  loss  by  radiation  so  long  as  a  body  is  in  a  gaseous  state,  but  falls 
short  of  it  when  the  body  has  attained  to  a  liquid  condition  ; "  evidently 
the  Sun  has  reached  that  state.  Contraction  in  the  case  of  solid  bodies 
is  evidently  a  result  of  radiation,  as  may  be  seen  any  day.  It  may  cer- 
tainly be  the  means  of  concentrating  heat,  and  causing  local  spurts 
to  occur,  not  increasing  the  sum  tctal,  as  in  the  case  of  the  Sun.  I 
doubt  not  but  it  is  one  of  the  chief  agencies  in  squeezing  out  the 
bowels  of  that  luminary  in  those  magnificent  eruptions  which  occupy 
the  attention  of  astronomers  the  world  over,  just  as  by  the  compression 
of  the  crust  of  the  Earth,  the  life-blood  oozes  through  the  pores  of  its 
thick  hide  in  the  form  of  boiling  lava.  If  the  Moon  has  cooled  beyond 
the  possibility  of  sustaining  life,  as  we  know  it  has  ;  if  the  Earth  is  in 
the  process  of  cooling,  a  fact  about  which,  for  my  part,  I  have  no  doubt 
whatever,as  there  is  overwhelming  evidence  tending  in  that  direction,  such 
as  the  existence  of  coal  deposits  in  Arctic  regions,  that  is,  if  coal  be  a 
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product  of  vegetation  at  all,  Precession  of  the  Equinoxes,  Glacial  Eras, 
•<-tc.,  etc.,  even  so  the  Sun  is  finally  destined  to  sliare  the  common  fate. 
It  was  once  a  white  star ;  now  it  is  a  yellowish  star  ;  by-and-bye  it  will 
lie  a  red  star,  and  then,  like  Algol's  snppo.«ed  companion,  it  will  be  a 
•dark  body.  We  may  let  our  imagination  go  back  to  the  time  when  the 
predecessor  of  our  Sun,  together  with  its  inhabited  worlds,  occupied  the 
vast  ai'ea  now  filled  by  our  solar-system  ;  we  may  even  peer  through  the 
vista  of  that  long  past  era  and  see  that  remote  system  emerging  out  of 
nebulosity — to  repeat  the  story  of  a  still  prior  system  which  had  run 
its  course,  raised  its  family,  and  matured  its  quota  of  human  souls  for 
liigher  spheres,  and — bewildering  thought ! — there's  an  eternity  back  of 
that.  Generation  after  genei-ation  of  worlds  and  systems  of  worlds  suc- 
ceed each  other,  as  surely  and  as  orderly,  although  the  epochs  may  be  of 
almost  infinite  duration,  as  the  Earth  yields  her  annual  supply  for  the 
sustenance  of  her  offspi-ing.  Those  suns  and  worlds  in  this  and 
unknown  systems  are  but  the  coi-puscles  in  the  vital  fluid  of  the  greater 
body  of  the  Universe,  whose  arterial  and  nervous  systems  perform  their 
peristaltic  gyres  with  undeviating  precision  in  the  great  vortical  ocean  of 
•ether  which  fills  all  space.  And  Just  as  in  the  microcosm,  or  little  world, 
man,  one  efiete  particle  is  removed  to  make  room  for  a  newly  created 
particle,  so  that  the  functions  of  the  body  may  continue  ;  so  worlds 
and  suns,  after  filling  up  the  measure  of  their  days,  their  enei'gies 
exhaiisted  in  the  service  and  interest  of  this  great  economy,  return 
again  to  imponderable  atoms  to  be  again  reclarified  and  prepared  to 
enter  into  other  cou)binations  in  the  hands  of  the  great,  untiring  Archi- 
tect. I  conclude  with  those  two  memorable  lines  of  Pope,  which  express 
a  true  pantheism  as  well  as  a  true  cosmogony  : 

"  All  are  but  parts  of  one  stupendous  whole, 
Whose  body  Nature  is,  and  God  the  soul." 
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NINTH  MEETING. 

May  16th  :  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the 
<?hair.  Though  from  high  wind  and  heavy  rain,  the  evening  was  one  of 
the  most  disagreeable  of  tlie  year,  the  attendance,  especially  of  ladies, 
was  large  and  encouraging. 

The  correspondence  read  included  a  fraternal  and  very  interesting 
letter  addressed  to  Mr.  James  Todhunter,  Treasurer  of  the  Society,  by 
Mr.  W.  D.  Barbour,  Secretary-Treasurer  of  the  Leeds  Astronomical 
Society,  who  asked  for  an  exchange  of  Reports,  and  inc^uired  into  the 
work  and  methods  of  this  Society,  giving  in  turn  a  brief  sketch  of  the 
life  and  work  of  his  Society.  The  Corresponding  Secretary  was  request- 
ed to  answer  ]Mr.  Barbours  letter  in  the  spirit  in  which  it  was  evi- 
dently written,  and  to  send  a  copy  of  the  Reports. 

Mr.  G.  E.  Eumsden  reported  the  jirogress  made  by  the  Joint  Com- 
mittee of  The  Canadian  Institute  and  the  Society  in  dealing  with  the 
subject  of  the  proj)Osed  change  in  reckoning  the  Astronomical  Day,  and 
stated  that  he  liad  received  a  letter  from  Dr.  Sandford  Fleming,  C.E., 
C.M.G.,  the  Chairman,  stating  that  upwards  of  nine  hundred  circular- 
letters  had  been  sent  to  the  members  of  the  staffs  of  public  and  private 
Observatories  and  to  scientitic  men  the  world  ovei".  asking  for  their 
opinions  on  the  question. 

Mr.  G.  G.  Pursey,  the  Librarian,  reported  the  receipt,  among  other 
publications,  of  copies  of  Professor  G.  E.  Hale's  papers  on  "  Photography 
of  the  Corona,  without  an  Eclipse,  with  the  Spectroheliograph,"  "The 
Probability  of  Chance  Co-incidence  of  Solar  and  Terrestrial  Pheno- 
mena," and  on  "The  Condition  of  the  Suns  Surface  in  June  and  July, 
1892,  as  compared  with  the  Record  of  Terrestrial  Magnetism." 

The  following  paper  on 

THE    SOURCE    OF    SOLAR    HEAT, 

contributed    by    Dr.   M.    A.   Veeder,   was    j-ead  by   the    T'orresponding 
Secretary  :  — 

It  occurs  to  me  that  it  may  be  of  interest  to  communicate  the  con- 
clusions to  which  I  have  been  led  in  respect  to  the  sources  cf  solar,  and 
related  forms  of  activity.  It  has  been  shown  in  the  course  of  the 
research  in  respect  to  the  aurora,  in  which    I  have  been   engaged,  that 
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the  forces  concerned  in  the  production  of  this  phenomenon,  are  wholly 
internal  to  the  Sun  itself,  in  respect  to  their  origin.  It  becomes  an  im- 
portant question  as  to  what  is  the  essential  nature  of  these  deep  seated 
solar  activities,  and  as  to  the  manner  in  which  they  are  sustained.  After 
an  extended  study  of  evidence,  which  it  is  not  ])roposed  to  rehearse  in 
detail  at  the  present  writing,  my  conclusion  is  that  the  molecular  cow 
stitutiou  of  substances  in  the  Sun  is  destroyed  mechanically  by  pressure. 
In  other  words,  the  crushing  force  brought  to  bear  in  the  interior  of  the 
Sun,  is  sufficient  to  destroy  not  merely  gross  forms,  but  the  intimate 
molecular  structure  of  suVjstances  there  existing,  leaving  the  ultimate 
atoms  dissociated,  and  consequently  in  a  fit  state  to  originate  the  most 
energetic  chemical  and  resultant  activities  possible.  In  this  way,  pro- 
cesses of  vaporization,  combustion,  and  the  like,  are  instituted  and  main- 
tained with  evolution  of  heat,  light,  and  electrical  action.  It  is  evident 
that  this  liberation  of  the  ultimate  atoms  being  dependent  upon  the 
mass  of  the  Sun,  will  continue  as  long  as  that  body  lemains  as  large  as^ 
at  present,  unless,  perchance,  the  atoms  themselves  may  be  worn  out  in 
the  process.  It  is  evident  also  that  the  radiation  of  heat  will  not  result 
in  any  diminution  of  mass,  it  depending  upon  vibratory  conditions,  as  is- 
now  generally  believed,  and  not  upon  any  dispersion  and  conveyance  of 
the  atoms  themselves.  This  being  the  case,  it  is  not  necessary  to  look 
to  an\'  source  external  to  the  Sun  itself  for  the  replenishment  of  the 
solar  tires.  In  like  manne)*,  volcanic  activities  and  the  heat  known  to 
exist  in  the  interior  of  the  Earth  may  depend  upon  a  similar  effect  of 
pressure  from  superincumbent  strata.  If  this  be  true,  the  larger  the 
mass  the  greater  the  heating  and  other  effects ;  and  this  appears  to  be 
the  ca^e  generally  throughout  the  solar  system. 

Thus,  the  planet  Jupiter,  though  more  distant  from  the  Sun  than  the 
Earth,  gives  evidence  of  being  in  a  molten  condition,  this  being  due 
simply  to  its  relatively  greater  mass  and  the  consequent  greater  crushing 
force  brought  to  bear  in  its  interior.  The  fact  that  volcaTiic  activitie.s- 
generally  underlie  mountain  ranges  where  the  pressure  is  greatest,  both 
laterally,  because  of  plicating  and  folding,  and  vertically,  thus  acquires^ 
special  significance.  That  the  dissociation  of  ultimate  atoms  results  iu 
what  is  known  in  Chemistry  as  the  nascent  condition  and  energizes^ 
chemical  activities  requires  no  proof.  Whether  this  dissociation  can  be 
accomplished  mechanically  by  pressure  is  the  only  question  involved. 
JVIanifestly,  it  is  impossible  to  bring  to  bear  pressures  equivalent  to  those 
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resulting  from  masses  of  soil  and  rock  many  huucli'eds  of  miles  in  thick- 
ness, as  in  the  case  of  the  Earth,  or  many  thousands  as  in  the  case  of  the 
Sun.  Still,  something  of  the  soi-t  appears  in  a  small  way  in  the  process 
of  attrition,  as  commonly  employed  to  facilitate  chemical  combination. 
Rubbing  and  pounding  by  the  aid  of  mortar  and  pestle  is  nothing  more 
or  less  than  bringing  pressui'e  to  bear  in  such  manner  as  to  facilitate  the 
breaking  up  of  the  molecular  structure,  so  that  the  component  atoms 
may  be  liberated  preparatory  to  entering  into  new  combinations.  In  like 
manner,  in  the  process  of  pounding  a  bar  of  metal  until  it  becomes  hot, 
we  have  direct  evidence  that  the  disturbance  of  molecular  structure  by 
compression  is  capable  of  originating  heat.  If  such  are  the  efiects  in  the 
case  of  experiments  on  such  a  small  scale,  what  must  be  the  eflect  of  the 
inconceivably  great  pressures  brought  to  bear  in  the  interior  of  the  Sun  ? 
Under  such  conditions,  if  possible  at  all  through  the  agency  of  mechani- 
cal pressures,  the  breaking  up  of  molecules  and  reduction  to  ultimate 
atoms  would  seem  inevitable.  Thus,  the  forces  concerned  in  the  produc- 
tion of  heat  and  light,  as  well  as  electrification,  may  be  wholly  internal 
to  the  Sun  in  respect  to  their  origin,  as  we  have  been  led  to  suppose  in 
the  latter  case  from  the  behaviour  of  the  auroras  as  above  stated.  It  is 
evident  that  this  view  rests  upon  an  altogether  different  basis  from  that 
involved  in  the  nebular  hypothesis  of  La  Place,  or  the  meteoritic  hypo- 
thesis of  Lockyer.  To  the  writer,  it  has  always  seemed  difficult  to 
imagine  that  by  any  system  of  motions  discoverable  in  the  solar  or  plane- 
tary systems,  there  could  be  condensation  of  gases  on  the  one  hand,  or 
of  meteoritic  masses  on  the  other,  as  required  by  these  hypotheses.  No- 
where do  we  tind  any  rushing  together  of  planetary,  or  meteoritic  masses 
in  radial  directions  towards  a  common  centre. 

On  the  contrary,  attractions  and  repulsions  so  counterbalance  each 
other  that  collisions  on  any  considerable  scale  a})pear  to  be  impossible. 
If  there  is  any  contraction  of  the  orbits  of  the  bodies  thus  moving,  or  of 
the  bodies  themselves,  it  is  so  small  that  no  certain  proof  of  its  exist- 
ence has  been  secured  thus  far.  How  to  obtain  from  contractures, 
whose  very  existence  is  in  doubt,  the  tremendous  activities  exhibited  in 
the  Sun  and  elsewhere  is,  to  the  writer  at  least,  an  insoluble  problem.  It 
would  seem,  on  the  other  hand,  that  such  diffusion  of  gases  and  meteoric 
particles  as  is  presupposed  in  the  hypotheses  in  question  would  be  the  very 
means  of  preventing  at  once  and  for  ever  such  intensity  and  violence  of 
action  as  actually  exists  and  is  sought  to  be  explained.     To  the  writer, 
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at  least,  the  comj)ression  Ly})otliesis  appears  to  be  much  more  nearly  in 
accord  with  the  most  obvious  facts  of  observation  respecting  the  Sun, 
and  likewise  with  fundamental  principles  of  Chemistry  and  Physics. 
From  this  point  of  view,  the  forces  concerned  are  not  mathematical 
absti'actions,  but  are  those  exhibited  in  concrete  form  in  the  workshop 
and  laboratory.  Instead  of  beginning  with  diffused  gases  and  particles, 
as  in  the  case  of  the  nebular  and  meteoritic  hypotheses,  the  point  of 
departure  is  sup])0sed  to  be  exactly  the  contrary,  namely,  the  existence 
of  masses  of  matter  of  suthcient  bulk  to  have  the  crushing  effects  to 
which  reference  has  been  made.  As  soon  as  such  masses  exist,  no 
matter  what  their  origin,  the  evolution  of  the  activities  that  have  been 
indicated  follows  in  due  course.  This  certainly  affords  a  new  point  of 
view,  and  has  the  merit,  at  least,  of  yielding  an  alternative  hypothesis. 

The  paper  occasioned  considerable  discussion.  Mr.  A.  F.  Miller 
took  exception  to  the  theory  of  mechanical  pressure  destroying  molecular 
structure  as  being  contraiy  to  experimental  chemistry,  a  view  also  taken 
by  the  Rev.  J.  F.  McBride,  many  practical  illustrations  being  given. 
The  views  of  Dr.  Veeder  were  also  criticised  by  Messrs.  Arthur  Harvey, 
A.  Elvins,  and  the  Chairman. 

Rev.  Father  McBride  read  the  following  notes  he  had  prepared  on 
two  interesting  subjects  : — 

ON    APPROXIMATIONS. 

In  looking  over  your  Proceedings  for  1892,  I  was  struck  by  the  close 
results  obtained  in  eclipse  calculations  by  the  graphic  method.  I  con- 
fess to  a  weakness  for  graphic  work,  and,  in  1884,  contributed  to  The 
Canadian  School  Monthly  arbitrary,  but  very  simple,  methods  for  the 
construction  of  all  polygons  up  to  thirteen  sides,  the  error  being  in  every 
case  less  than  the  lowest  possible  instrumental  error.  People  say  such 
procedures  are  unscientific ;  so  is  hanging,  but  it  is  very  effective  ;  and 
that  they  are  arbitrary  ;  so  is  the  rule  of  three.  A  friend  of  mine 
objected  that  they  are  slovenly.  By  their  fruits  know  them.  They 
give  fairly  good  results.  And  we  must  always  remember  that  a  good 
instrument  does  not  make  a  good  observer,  and  that  seven-place  tables 
are  not  needed  in  working  out  observations  taken  with  an  instrument 
reading  only  to  half-degrees.  That  their  use  leads  to  slovenly  habits,  I 
absolutely  deny.  The  fact  of  their  results  being  mere  approximations 
does  not   imply  slovenliness,  otherwise,  the  work  of  your  Opera-Glass 
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Section  would  lie  under  the  same  imputation.  In  fact,  I  believe  the 
-contrary  to  be  the  case,  and  that  those  who  devote  themselves  to  graphic 
work  do  that  work  all  the  more  carefully  because  they  have  at  their 
elbow  an  accusing  spirit  in  the  shape  of  a  book  of  tables  to  convict  them 
of  error,  if  they  fall  into  it.  Besides  this,  there  are  nearly  always  cross, 
or  test,  measurements  easily  applied  and  serving  the  purpose  of  inde- 
pendent computations  in  the  ordinary  methods.  Slovenly  work  under 
the  ordinary  method  will  be  more  common  with  the  careless  computator 
than  slovenly  drawing  with  the  graphicist.  The  argument  in  favour  of 
graphic,  or  of  ein})iric  methods,  is  that  they  give  a  fairly  good  result,  and 
•do  not  necessarily  seclude  the  mathematical  principles  on  which  the  pro- 
cess is  based.  They  always  remind  me  of  the  little  tricks  and  schemes 
(perfectly  legitimate  and  much  admired)  by  which  we  extricate  the  x's 
and  y's  from  obdurate  bi-quadratics.  As  an  example  of  an  arbitrary 
formula  of  practical  utility  (though  not  precisely  in  the  line  of  the 
Society's  work),  I  submit  the  following  which  I  evolved  myself.  For 
content  of  cylindrical  vessels,  let  d  =i  diam.  in  ft.,  then 

bd"  —  2  per  cent.  =  gallons  per  ft.  high, 
which  is  correct  within  an  error  of  rV  of  an  inch  in  measurement  of  depth. 

THE    SMALL    MASS    OF    THE    EARTH. 

In  Dr.  Joseph  Morrison's  paper  on  Solar  Heat,  published  in  your 
Transactions  of  1891,  he  states  that  the  ultimate  velocity  of  a  body  fall- 
ing freely  into  the  Sun  from  indefinite  distance  would  be  382.6  miles  per 
second.  I  am  reminded,  reading  this,  of  a  statement  made  by  the  late 
R.  O.  Proctor,  that  if  a  small  body  fell  to  the  Earth  from  the  nearest 
fixed  star,  its  ultimate  velocity  would  be  as  great  "  as  if  it  had  been 
falling  for  all  eternity^'  The  statement  (this  was  years  ago)  set  me 
figuring,  and  I  found,  by  elementary  methods,  that  at  the  distance  of 
the  nearest  fixed  star  the  attractive  power  of  the  Earth  would  be  so 
infinitesimally  small  that  a  body  influenced  only  by  that  attraction  would 
take  one  thousand  four  hundred  and  sixty-three  millions  of  millions  of 
years  to  fall  the  first  foot.  Proctor  might  well  say  if  it  had  been  falling 
for  all  eternity  it  would  make  no  difterence  when  it  got  to  the  Earth. 
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Mr.  Thomas  Lindsay  read  a  paper  on 

PLANETARY    ROTATION, 

of  which  the  following  is  a  full  synopsis  : — 

It  is  my  intention  simply  to  refer  to  one  problem,  not  yet  solved, 
and  but  little  studied,  which,  having  a  certain  fascination  for  me,  may 
possibly  interest  others.  Stated  briefly,  in  question  form  it  is  this  :  Is 
there  any  connection  between  the  rotation-period  of  a  planet,  or  satellite, 
and  the  other  elements  of  the  body,  such  as  mass,  distance,  periodic- 
time,  etc.  ■? 

This  problem  can  scarcely  be  said  to  have  a  history  ;  so  far  as  I 
know,  only  one  writer  has  ever  endeavoured  to  investigate  it  thoroughly, 
and  it  does  not  seem  at  the  present  time  to  attract  much  attention.  Yet 
it  cannot  be  said  to  be  unimportant.  We  cannot  say  that  of  anything 
connected  with  the  solar  system,  and  it  may  be  shown  that  planetary 
rotation  is  intimately  connected  with  the  nebular  hypothesis  itself.  My 
attention  was  first  called  to  this  question  on  hearing  a  paper  on  the  sub- 
ject by  Mr.  A.  Elvins,  and  seeing  a  little  apparatus  devised  by  him  and 
intended  to  illustrate  a  theory  accounting  for  rotation.  To  describe  it 
briefly :  A  ball,  nicely  balanced  on  a  pivot,  was  made  to  revolve  as  if  in 
an  elliptic  orbit ;  as  it  revolved,  it  took  up  rotation.  Mr.  Elvins  held 
that  the  increased  velocity  of  the  outer  particles  at  the  perihelion  passage 
might  ultimately  cause  rotation.  Some  members  here  present  may 
remember  that  the  principal  objection  brought  out  in  the  course  of  the 
discussion  which  followed,  was  that  an  apparatus  could  not  fairly  repre- 
sent the  conditions,  yet  there  was  a  question  that  seemed  not  very  easily 
answered  :  "Why  did  the  ball  rotate  1  What  was  the  particular  force 
tending  to  that  result  1  The  apparatus  is  in  the  possession  of  the  Society, 
but  the  subject  has  not  since  been  taken  up.  The  model  and  the  text 
of  Mr.  Elvins'  paper  have  been  in  my  hands  for  some  time,  and  there 
has  been  ample  opportunity  for  studying  both.  The  conclusion  I  came 
to,  tending  to  explain  the  rotation,  was  simply  this  :  If  a  body  revolve 
about  another,  it  w^ll  take  up  rotation  when  the  projectile  force  of  the 
outer  particles  is  just  a  little  greater  than  the  force  which  binds  it 
towards  the  centre  of  revolution. 

If  we  take  a  wheel  and  pivot  it  anywhere  upon  a  rod,  and  fasten  the 
inner  spokes  to  the  rod  by  a  thi-ead,  then  revolve  the  whole  device 
rapidly,  the  string  will  break  and  the  wheel  will   rotate.     The  rod  is 
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literally  the  force  of  gravity,  and  the  strengtli  of  the  string  is  the 
measure  of  the  excess  of  the  projectile  force  of  the  outer  particles  over 
this.  But  it  would  really  appear  that  there  is  something  in  planetary 
rotation  that  apparatus  cannot  explain,  and  which  even  does  not  agree 
with  mathematical  analysis.  It  has  been  demonstrated,  apparently 
conclusively,  that  if  a  spherical  homogeneous  l)ody  were  sent  revolving 
about  another  by  one  straight  impulse  forward,  while  gravity  tended  to 
draw  it  in,  it  would  never  rotate  at  all.  Professor  Coakley,  in  1891, 
wrote  a  very  exhaustive  article  on  the  possible  rotation  of  Yenus  and 
Mercury.  He  investigated  the  tidal-influence  of  the  Sun  u[)on  these 
planets  as  to  whether  it  was  great  enough  to  draw  out  the  diameters  of 
the  planets,  making  them  slightly  "  egg-shaped,"  and  holding  them  there, 
so  they  could  not  turn  upon  their  axes,  only  once  in  a  revolution,  as  our 
Moon  does.  The  theory  accounting  for  the  non-rotation  of  the  Moon  is 
that  while  it  was  still  plastic  the  gravitating  force  of  the  Earth  set  up 
great  tidal  action,  retarding  the  rotation,  ultimately  reducing  it  to  once 
in  a  revolution.  Professor  Coakley's  conclusion  was  that  the  Sun's 
influence  on  Mercury  and  Venus  was  not  sufiicient  to  retard  rotation  ; 
that  those  planets  are  not  so  held  in,  and  that  they  probably  do  rotate 
on  their  axes  as  the  Earth  does.  The  paper  will  be  found  in  The  Sidereal 
Messenger  for  May,  1891.  But,  further,  in  that  paper,  the  method  was 
applied  to  all  the  satellites  of  the  planets.  And  in  Jupiter's  case,  it  was 
shown  that  the  influence  of  that  planet  in  setting  up  great  tidal  action 
on  his  satellites  was  very  much  greater  than  that  of  the  Earth  on  the 
Moon,  and  the  decision  reached  was  that  the  moons  of  the  Jovian  world 
do  not  rotate  on  their  axes.  Now  observe  :  a  most  experienced  astrono- 
mer, Professor  W.  H.  Pickering,  of  Harvard,  with  an  excellent  telescope 
most  favourably  placed  in  the  clear  atmosphere  of  the  mountains  of 
Peru,  sees  Satellite  I,  "egg-shaped,"  agreeably  wnth  Professor  Coakley's 
theory,  but  sees  it,  also,  rotating  on  its  axis,  whicli  is  altogether  against 
that  theory  ;  nor  is  that  all,  for  its  motion  of  rotation  is  retrograde  ; 
that  is  to  say,  it  revolves  in  one  direction  while  it  turns  end  over  end  on 
its  axis  in  the  other  direction.  Now  does  this  not  j)rove  that  we  can 
neither  trust  imitations  by  means  of  apparatus,  nor  the  mathematics  of 
motion  to  tell  us  much  about  planetary  rotation,  in  the  present  condition 
of  the  solar  system  1  With  regard  to  Professor  Pickering's  observations, 
it  is  certainly  strange  that  they  are  new,  and  that  this  peculiar  rotation 
was  not  seen   before,  and  the  world  of  science  will  probably  not  accept 
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his  conclusions  till  they  shall  have  been  verified  when  Jupiter  is  again 
in  good  position.  The  drawing  out  of  the  diameter  of  a  satellite  by  the 
great  gravitating  force  of  the  planet  is  not  difficult  to  understand,  and 
without  looking  into  the  mathematics  of  the  phenomenon  at  all,  we  can 
fancy  a  rigid  bar,  representing  gravity,  from  the  planet  to  the  satellite 
keeping  the  latter  in  one  position,  facing  one  way  as  it  revolves  ;  but  it 
is  quite  a  blow  to  learn  that  this  time,  at  least,  the  theory  is  astray. 
Now,  there  never  was  a  discrepancy  of  this  kind  that  could  not  be 
accounted  for,  but  there  are  many  which  are  still  to  be  studied,  and 
there  certainly  is  here  a  wide  field  for  study  and  for  speculation.  Pro- 
fessor Pickering  ventures  the  theory  that  the  satellites  of  Jupiter  are 
composed  of  small  bodies  congregated  together,  so  now  we  have  the 
whole  problem  before  us.  We  shall  hear  more  about  this  probably, 
by-and-bye,  but  I  am  inclined  to  think  that  the  observations  are  correct 
and  that  the  mathematical  theory  requires  investigation. 

To  investigate  the  possible  connection  between  rotation  and  tlie  other 
elements  we  note  :  The  rotation  of  the  Earth  has  not  varied  in  the 
historic  period,  but  its  distance  from  the  Sun  and  its  orlntal  velocity  are 
constantly  changing,  within  limits,  of  course.  The  eccentricity  of  the 
orbit,  the  axial  inclination,  the  perihelion  point,  none  of  these  is  con- 
stant, and  the  great  precessional  movement  is  going  on  all  the  time.  It 
would  seem,  then,  that  rotation  has  nothing  to  do  with  these.  But  the 
mass  and  the  periodic  time  are  constant.  May  it  not  be  that  the  rota- 
tion period  of  the  resulting  planet  was  decided  in  the  moment  when  the 
vapour  ring  first  slipped  from  the  bulging  equator  of  the  primary  %  If 
so,  then  we  would  require  to  know  the  conditions  of  the  parent  mass 
before  we  could  begin  to  study  the  ring  or  segment  thrown  ofi".  Now, 
we  are  back  to  the  nebula,  and  it  is  very  jnobable  that  the  proof  of  the 
absolute  truth  of  the  nebular  hypothesis  is  only  to  be  found  by  studying 
the  rotation-periods  of  the  planets.  If  it  could  be  shown  that,  as  planet 
after  planet  was  formed  at  the  distances  as  found,  the  rotation-periods 
should  be  as  they  are,  surely  no  better  proof  of  the  hypothesis  could  be 
desired. 

In  1849,  Professor  Daniel  Kirkwood  showed  that  there  was  an 
analogy  between  the  distances  of  the  planets  from  each  other  and  their 
rotation-periods.  This  is  scarcely  ever  referred  to  now,  why,  I  do  not 
know  ;  while  seeking  to  raise  the  nebular-hypothesis  to  the  dignity  of  a 
law,  it  is   strange  that   this   is  not  considered.     The  analogy  may  be 
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briefly  stated  thus  :  Between  two  planets  there  is  a  point  where  a  particle 
would  be  equally  attracted  by  both  bodies.  Professor  Kirkwood,  from 
this,  deduced  what  he  called  the  breadth  of  the  "sphere  of  attraction." 
Then  he  found  that  the  square  of  the  number  of  times  which  a  planet 
rotates  in  a  revolution  round  the  Sun  is  proportional  to  the  cube  of  the 
breadth  of  the  ring.  With  Venus,  Earth,  and  Saturn,  the  law  holds 
good,  with  the  other  planets  there  are  difliculties.  We  cannot  deter- 
mine the  breadth  of  the  ring  fur  Mercury,  it  being  innermost,  nor  for 
Neptune,  being  outermost,  nor  for  Jupiter  and  Mars,  as  there  is  no 
planet  between  them  and  the  Asteroids  are  confusing.  There  are  some 
points  due  to  Pi-ofessor  Nicliol  which  it  is  well  to  remember  in  thin 
connection.  The  outer  planets  rotate  very  rapidly,  the  inner  ones  more 
slowly.  The  rings  that  formed  the  outer  planets  were  broader  than  the 
others.  The  outer  particles  would  move  more  quickly  than  the  inner 
particles  in  either  case,  and  according  to  this  difterence,  would  be  the 
rate  of  rotation  first  caused  by  the  increased  momentum  of  the  outer 
particles  when  the  ring  would  l)rcak.  Now,  if  this  caused  the  greater 
velocity  of  the  outer  planets  on  their  axes,  and  if,  in  general,  the  non- 
rotation  of  satellites  is  explained  by  the  great  tidal  action  of  their 
primaries,  there  is  something  to  work  upon.  If  we  are  looking  too  far 
l>ack  into  the  a?ons  of  the  past,  be  it  so,  but  T  do  not  see  how,  on  any 
other  line  of  investigation,  the  nebular  hyi)othesis  can  be  proven  true 
beyond  a  doubt.  Professor  Kirkwood's  analogy  will  be  found  in  The 
Proceedings  of  The  American  Association  for  the  Advancement  of 
Science,   1849. 

We  may  be  assui-ed  that  the  planets  do  not  rotate,  as  we  find  them, 
by  accident ;  there  are  no  accidents  in  Nature.  The  period  is  the  result 
of  some  law,  whether  it  be  expressed  by  the  analogy  or  not.  We  do 
not  forget  that  as  a  body  condenses  it  rotates  more  rapidly.  When 
Jupiter  was  about  to  throw  off  Satellite  IV,  he  rotated  in  sixteen  days  ; 
now  he  rotates  in  ten  hours.  These  little  peculiarities  of  nebulous  masses 
may  help  to  make  the  pi'oblem  of  rotation  still  more  difiicult,  perhaps 
beyond  the  reach  of  celestial  mechanics,  far-reaching  as  the  science  is. 
Still,  we  may  speculate  upon  it ;  perhaps  light  may  be  thrown  upon  it 
here  and  there.  There  is  one  thing  that  may  be  said  of  this  problem  : 
if  some  one  were  to  show  just  what  the  law  is  that  governs  rotation  and 
l>rove  all  the  cases,  no  one  could  say,  "Oh,  that  was  brought  out  a  hun- 
dred years  ago  !  "  Professor  Kirkwood's  analogy  is  the  nearest  approach, 
and  that  is  admittedly  imperfect. 
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In  drawing  attention  to  tins  problem,  T  would  say  that  it  would  seem 
necessary  to  reconstruct  the  nebula  out  of  which  the  system  was  formed. 
This  does  not  seem  an  easy  task,  but,  even  if  it  is  impossible,  an  attempt 
may  lead  to  other  truths ;  certain  it  is  we  do  not  yet  know  all  that  is  to 
be  known  of  the  solar  system. 


TENTH  MEETING. 

May  30th  ;  Mr.  E.  A.  Meredith,  LL  D.,  in  the  chair.  Mr.  J.  M. 
Martin,  of  Toronto,  was  elected  an  Active  Member. 

Mr.  G.  E.  Lumsden  placed  on  the  table,  for  the  examination  of 
members,  a  copy  of  Proctor's  "  Old  and  New  Astronomy,"  and  one  of 
Niesten's  excellent  globes  of  the  planet  Mars. 

The  following  letter  from  Professor  S.  W.  Barnhau),  M.A.,  late  of 
Lick  Observatory,  was  read  by  the  Corresponding  Secretary  : — "I  have 
yours  of  the  9th  inst.  There  has  been  no  change  in  the  distance  of  either 
K  or  0  Gerainorum  since  the  first  measures,  and,  therefore,  they  should 
be  as  easily  .seen  at  one  time  as  another,  so  far  as  the  ])Osition  is  con- 
cerned. I  have  not  given  these  pairs  any  special  attention,  since  I  used 
a  small  aperture,  as  they  are  of  no  particular  interest  so  far  as  the 
micrometer  goes.  There  appears  to  be  a  little  change  in  the  angle  of 
tJ,  but  it  is  very  slow.  At  one  time,  it  was  suggested  that  the  companion 
to  K  was  variable  from  the  different  estimates  of  magnitude,  but  the 
evidence  amounts  to  nothing.  In  seeing  objects  of  this  kind,  everything 
depends  upon  the  seeing.  I  have  failed  to  see  at  all,  or  only  with  diffi- 
culty, half  of  the  double-stars  in  the  heavens  at  different  times,  but  have 
never  yet  found  a  variable  companion,  or  even  suspected  one." 

The  Secretary  also  read  the  following  communication  from  Dr, 
Veeder,  relative  to  the  utility  of  his  plan  of  having  numerous  observers 
of  aurorse,  so  as  to  detect  evidence  of  "  locality,"  etc.  : — "The  availa- 
bility of  this  plan  of  observation  was  finely  illustrated  in  connection 
with  the  disi)lays  of  May  7th,  8th,  and  9th.  Taking  May  9th  for 
example :  at  Yarmouth,  Nova  Scotia,  there  was  an  aurora  of  the  ordi- 
nary type  at  8.45  p.m.,  60th  Meridian  Time,  and  auroral  band  extending 
East  and  West,  just  South  of  the  zenith,  from  9. 15  to  9.45.  Co-incidently 
at  Lyons,  N.  Y.,  one  observer  verified  the  absence  of  the  aurora  at  S.50 


Tlie  Astronomical  and  Pliysical  Society  of  Toronto.  41 

and  9.11,  and  another  at  9  to  9.10  and  9.29,  and  another  at  7.56,  8.26, 
to  8.36,  8.39,  9.02  and  10.04  (75th  :\Ieridian  Time).  Also  Bracebridge, 
Canada,  I'eported  that  there  was  no  aurora  at  that  point  that  evening 
until  11  p.m.  Thus,  the  Yarmouth  dis[)lay,  although  prominent,  was 
utterly  wanting  in  three  localities,  further  Westward,  at  the  same  hour. 

Mr.  Arthur  Harvey  referred  to  the  often  observed  fact  that  during 
the  summer  seasons  there  are  certain  days  of  the  week  upon  which  rain 
almost  invariably  falls.  He  had  been  looking  for  the  cause  of  this 
periodicity,  and  was  on  the  point  of  prepai'ing  a  pajier,  when  it  came  to 
his  knowledge  that  he  had  been  forestalled  by  a  writer  in  The  Meteor- 
ological Journal.  Under  the  circumstances,  he  said  he  would  be  con- 
tent with  stating  the  fact  that  he  had  been  studying  the  subject  for 
some  time  past,  and  that  the  conclusion  arrived  at  was  that  the 
periodicity  was  due  to  solar  rotation,  or  was  intimately  connected 
with  it.  Though  his  data  for  the  season  of  1893  were  not  quite  com- 
plete, he  ventured  to  predict  that  the  rainy  day  during  the  summer 
would  be  either  Sunday,  or  Monday ;  possibly,  the  rain  would  fall  dur- 
ing the  night  of  Sunday.  Remarks  upon  the  subject  were  made  by  Mr. 
J.  M.  Martin,  Mr.  A.  Elvins,  and  others. 

As  had  been  previously  arranged,  the  major  portion  of  the  evening 
was  given  up  to  the  discussion  of  various  theories  respecting  solar  heat 
and  energy.  Two  papers  were  read  by  Mr.  Elvins,  the  tirst  in  kindly 
criticism  of  the  views  of  Mr.  G.  G.  Pursey  expressed  in  a  paper  read  on 
the  2nd  of  May  ;  the  second,  stating  his  own  views.  In  the  latter, 
which  was  entitled 

MOVING    MATTER    III  :    SOLAK    HEAT, 

Mr.  Elvins  said  : — Space  is  that  in  which  bodies  do,  or  can  exist.  In  its 
nature,  space  must  be  a  vacuum,  except  where  matter  exists  in  it,  and, 
from  its  very  nature,  its  extension  must  be  infinite. 

Matter  is  substance,  having  form  and  dimensions.  [I  regard  the 
ultimate  particles  of  matter  as  infinitely  hard  and  impenetrable.]  As  to 
extension,  all  atoms  and  masses  of  matter  must  be  finite. 

Matter  exists  as  ultimate  atoms,  or  as  aggregations  of  atoms ;   atoms 
unite  and  form  larger  bodies  ;  these   unite   and   form   still   larger  ones, 
and  thus  they  probably  pass  through  several   stages  of  evolution  before 
they  reach  the  chemical  atom,  or  molecule  of  a  chemical  element. 
6 
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Such  molecules  exist  as  sejjarate  bodies  in  gases,  or,  b}'  the  n-ductiou 
of  their  free  paths,  they  may  exist  as  liquids  or  solids.  In  whatever 
form  matter  exists,  it  is  always  subject  to  the  three  laws  of  motion. 

Heat,  I  regard  as  motion  of  j)articles  comprising  a  mass ;  the 
vibratory  motion  produced  by  the  impact  of  other  moving  bodies.  A 
nail  is  made  hot  by  blows  from  a  hammer,  and  a  ball  of  lead  melts  when 
it  strikes  an  iron  target. 

Here,  we  see  the  motion  of  a  mass  clianged  into  the  motion  of  the 
|)articles  composing  the  ma.ss  ;  the  mass  ceases  to  move  ;  the  molecules 
take  up  the  motion.      This  molecular  motion  is  heat. 

Motion  of  matter  as  masses,  molecules,  or  atoms,  is  eneryy,  and  this 
is  a  constant  in  Nature.  We  call  it.  Light,  Heat,  Electricity,  Chemical 
Affinity,  Mechanical  Force,  Magnetism,  and  so  on,  according  to  the 
quantity  of  matter  moving,  and  the  manner,  or  mode,  in  which  it 
moves. 

Now,  when  a  large  mass  of  matter  is  struck  by  a  smaller  one,  both 
are  translated  through  space  in  opposite  directions  ;  the  I'ebound  of  the 
small  one  causes  it  to  pass  over  more  space  than  the  large  one,  but  still 
the  large  one  moves.  But  if  the  mass  (suppose  a  ball  of  steel)  were 
struck  simultaneously  on  opposite  sides  with  the  same  force,  the  ball 
would  remain  stationary,  though  its  molecules  would  be  set  in  vibration 
by  the  blows.  Every  additional  blow  would  increase  the  vibration. 
This  vibration  could  be  so  increased  that  other  bodies  coming  in  contact 
Avith  it  would  have  their  molecules  set  in  motion,  or  be  heated.  We 
must  never  forget  the  fact,  that  a  steel  hammer  striking  a  steel  ball  of 
larger  size,  rebounds,  and  that  if  the  ball  were  struck  by  a  vast  multi- 
tude of  hammers  on  every  side,  there  Avould  be  a  rebound  from  ei^ery 
])oint  at  every  blow  given. 

Now,  if  two  hammers  were  moving  towai'd  the  ball,  at  the  same 
rate,  one  a  trifle  behind  the  other,  the  second  would  collide  with  the  first 
on  its  outward  course  or  rebound  ;  any  number  of  hammers,  following 
each  other,  would  be  similarly  acted  on. 

Suppose  such  blows  and  rebounds  to  be  existing  at  every  point  on  the 
surface  of  the  ball,  the  hammers  Avould  everywhere  be  rebounding  from 
the  ball  and  from  each  other  :  thus,  the  eneigy,  or  motion,  of  the  incom- 
ing hammers  would  be  radiated  again  into  space. 

Now,  if  the  ether  is,  as  I  assume  it  to  be,  composed  of  the  ultimate 
particles  of  matter  moving  with  great   velocity  amongst  themselves,  and 
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Iceeping  up  their  motion  by  collisions  (as  the  Kinetic  Theory  of  gases 
supposes  the  molecules  of  gases  to  act),  then  large  bodies  in  space  are 
bombarded  on  every  side  by  these  small,  but  rapidly  moving  atoms. 
Such  a  body  is  our  vSun.  He  exists  in  this  boundless  ocean  of  ether. 
The  collisions  of  his  molecules  with  the  ether  atoms  must  be  without 
number,  and  the  resulting  molecular  motion  mnst  be  very  great.  The 
incoming  ether  atoms  must  strike  the  solar  molecules  and  rebound 
according  to  the  Third  Law  of  Motion. 

The  rebounding  atoms  must  receive  and  cany  away  into  the  ether  a 
part  of  the  motion  of  the  solar  molecules  ;  moving  faster,  or  slower,, 
according  as  they  have  received  more  or  less  of  the  solar  energy.  The 
length  of  the  free  fath  of  the  ether  atoms,  after  being  charge!  with  the 
plus  of  solar  energy,  may  be  what  we  know  as  a  wave-length.*  These 
are  waves  of  energy,  and  may  become  manifest  to  us  in  different  phe- 
nomena. Some  enter  our  eyes,  and  we  see  them  as  light ;  some  strike 
and  set  in  motion  the  molecules  of  our  muscles  and  nerves,  and  we  feel 
them  as  heat.  They  cause  our  winds,  our  evaporation,  our  rain,  and  our 
storms.  But  by  far  the  greater  part  of  solar  energy  passes  into  the 
ether  and  keeps  up  the  motion  of  that  all-pervading  medium,  from  which 
its  own  energy  is  derived. 

Thus,  ether  and  ether  motion  connect  the  entire  universe  into  a  har- 
monious whole  ;  convey  our  Sun's  enei-gy  far  beyond  the  stars  whose  light 
can  be  seen  by  our  giant  telescopes ;  bend  the  })aths  of  the  planets  and 
of  many  double-stars  into  orbits,  for  we  may  seek  the  cai'se  of  gravitatioti 
in  this  motion  and  receive  a  satisfactory  reply. 

Ether  energy  is  scattered  in  every  direction.  The  Sun  takes  it  and 
scatters  it  radially  to  a  comparatively  small  distance  around  himself  ;  and 
this  I  take  to  be  the  chief  cause  of  solar   heat  or  energy.     The  fall   of 

*  I  am  not  satisfied  with  the  usual  definition  of  a  wave-length,  as  applied  to 
solar  energy,  viz.,  the  distance  from  one  crest  of  a  wave  to  the  next  crest  preceding 
or  following.  A  single  wave  may  be  conceived  as  passing  outward  from  a  centre, 
having  no  wave  either  preceding  or  following  it.  This  wave  moves  on,  but  there 
is  no  distance  between  crests,  for  there  is  but  one  crest ;  the  term  "wave-length," 
as  usually  defined  (distance  from  wave-crest  to  wave-crest),  is  clearly  inadmissible. 
Oliver  J.  Lodge,  in  his  work  Modern  Views  of  Electricity,  page  317,  says  that 
when  "  we  assert  that  the  form  of  energy  called  light  is  undulatoy^tj,  we  by  no 
means  intend  to  assert  that  anytliing  whatever  is  moving  up  and  down,  or  that  the 
motion,  if  we  could  see  it,  would  be  like  anything  we  are  accustomed  to  in  the 
ocean.     This  kind  of  motion  is  unknown." 
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meteors  on  his  surface  is  another  cause,  but  I  will  reserve  this  for  my 
next  paper. 

The  papers  were  followed  Vjy  a  very  animated  discussion,  participated 
in  by  Messrs.  John  Phillips,  C.  A.  Chant,  Thomas  Lindsay,  G.  G. 
Pursey,  G.  F.  Hull,  Arthur  Harvey,  John  A.  Paterson,  and  Mr.  Elvins, 
The  meeting  was  one  of  the  most  interesting  that  the  Society  ever  held. 


MEETIXG  OF  COUNCIL. 

A  special  meeting  of  the  Council  was  held  on  the  5th  of  June  ;  Mr. 
E.  A.  Meredith,  LL.D.,  in  the  chair. 

The  accounts  connected  with  printing  the  Report  of  the  Society  for 
1892,  and  some  others,  were  audited  and  ordered  to  be  paid.  Mr.  G.  G. 
Pursey  submitted  a  proposal  from  the  Lady  Manager  of  the  Toronto 
Woman's  Christian  Guild,  for  the  use  of  rooms  in  their  large  new 
building,  which  also  contained  a  hall  suitable  for  open  or  other  public 
meetings.  After  discussion,  Mr.  C.  P.  Sparling,  the  Recording  Secre- 
tary, was  authorized  to  call  the  next  meeting  of  the  Society  at  the 
Guild  for  the  purpose  of  testing  the  suitability  of  the  premises. 


ELEVENTH  MEETING. 

June  15th  ;  Mr.  John  A.  Paterson,  M.  A.,  in  the  chair.  The  attend- 
ance was  large  and  much  interest  was  manifested  in  the  proceedings. 
Several  subjects,  including  the  desirability  of  issuing  half-yearly  Reports, 
were  referred  to  Council.  It  was  announced  that  the  publishers  of 
Astronomy  and  Astro- Physics,  if  they  received  sufficient  encouragement, 
would  issue  a  48-page  monthly  magazine,  to  be  called  Pojnilar  Astro- 
nomy,  to  be  devoted  to  advancing  the  interests  of  teachers  and  students 
of  astronomy  and  amateurs. 

Mr.  James  Todhunter,  the  Treasurer,  announced  that  the  Legislative 
Assembly  of  the  Province  had  granted  the  sum  of  S200  to  the  Society 
to  be  used  in  furthering  its  objects.  (Applause.)  He  added  that  he  had 
conveyed  to  the  Hon.  Dr.  Ross,  Minister  of  Education,  the  thanks  of 
the  Society  for  this  recognition  of  its  work. 
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In  speaking  of  the  books  he  had  received,  Mr.  G.  G.  Pursey,  the 
Librarian,  dwelt  upon  the  value  of  a  recent  Ee})ort  of  the  Museum  of 
the  Smithsonian  Institution.  Observations  on  Jupiter  were  reported  by- 
Mr.  J.  A.  Copland,  of  Toronto  ;  on  aurora?,  by  Dr,  M.  A.  Veeder,  of 
Lyons,  N.Y.;  and  on  y  Virginis  and  other  pretty,  though  somewhat 
difficult,  double,  ti'iple,  and  quadruple-stars,  by  Dr.  J.  C.  Donaldson, 
of  Fergus. 

Mr.  Sandford  Fleming,  C.E.,  LL.D.,  C.M.G.,  of  Ottawa,  Chancellor 
of  Queen's  University,  Kingston,  and  an  Honourary  Member,  was 
formally  introduced  by  the  Chairman,  and  spoke  briefly  upon  the  work 
of  the  Society  and  the  interest  he  took  in  it. 

Mr.  Arthur  Harvey  read  a  paper  on 

THE    PYTHAGOREAN    PHILOSOPHY. 

After  a  few  introductory  remarks,  Mr.  Harvey  said  : — The  frag- 
ment of  Cicero,  called  the  Somnium  Scij^iovis,  contains  a  succinct 
account  of  Pythagorean  Philosophy.  This  is  usually  printed  next  to 
the  two  famous  treatises  on  Old  Age  and  on  Friendship,  which  have 
been  the  delight  of  almost  a  hundi-ed  generations,  and  there  I  found  it, 
at  school,  half  a  century  ago.  Its  conceit,  that  as  the  planets  go  whizzing 
round,  each  is  attuned  to  a  musical  note,  appealed  to  my  boyish  fancy, 
and  the  apparently  easy  Latinity  somewhat  captivated  me,  too.  So, 
from  time  to  time,  I  have  turned  to  it  as  bringing  up  pleasant  memories. 
I  once  thought  it  so  dissimilar  from  Cicero's  usual  subjects  that  I  shared 
the  doubt  Avhich  is  occasionally  hinted  at,  whether  the  work  is  Cicero's 
at  all.  But  I  now  find  that  only  one  thoroughly  trained  in  the  best 
schools  of  Athens  in  their  palmy  days  could  have  given  us  so  complete 
a  precis  of  the  tenets  of  the  Pythagoreans,  and  none  but  a  Roman  of  the 
Augustan  age  could  have  w^ritten  such  Latin.  I  also  note  some  turns  of 
speech  which  are  peculiar  to  Cicero,  and  I  rise  from  each  re-perusal  more 
convinced  that  in  this  fragment  we  have  a  gem  of  true  classic  origin. 

Athens,  in  the  time  of  Cicero,  fulfilled  the  ideal  of  a  University 
town.  The  States  of  Greece  had  been  made  to  feel  the  strength  of 
numbers  at  the  hands  of  the  conquering  Romans.  Sparta,  wdiose  every 
citizen  had  been  worth  a  dozen  warriors  of  other  nations,  had  realized 
that  every  victory  meant  ruin,  as  the  loss  of  hundreds  was  more  disas- 
trous to  their  closely  inbred  race  than  that  of  thousands  to  Persians  or 
Egyptians.    Macedonia  had  shattered  itself  during  Alexander's  life,  and 
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after  his  decease.  Corinth  and  the  (ireek  cities  of  the  ^gean  had 
yielded  up  their  autonomy.  All  had  lost  their  distinguishing  character- 
istics but  Athens.  Athens,  whose  chief  glory  had  always  been  spiritual 
rather  than  physical ;  Athens,  noblest  of  all  the  European  centres  of 
human  intelligence ;  Athens,  the  mother  of  Liberty,  Philosophy,  Art 
and  Literature,  had  not  lost  pre-eminence  in  respect  of  mental  acquire- 
ments and  those  polished  manners  which  surely  follow. 

These  things  cannot  come  to  a  state  without  a  national  history,  and 
what  a  noble  background  of  history  Athens  had  1  Its  very  name  is 
connected  with  that  of  the  Goddess  of  Thought  and  Art,  Athene,  whom 
we  poorly  know  under  her  barbarian  title,  Minerva.  Athens  was  fabled 
to  have  met  the  Atlantides  in  conflict  eleven  thousand  years  ago.  Athens 
was  surely  there  when  the  Aryan  of  Europe  met  the  Asiatic  Turanian 
at  Troy,  or  some  where  near  it  on  the  Hellespont,  and  flung  him  back. 
Athens  was  the  moving  si^irit  in  the  resistance  to  the  hosts  under  Darius 
and  Xerxes.  The  Athenian  Miltiades  led  at  the  fight  near  Marathon 
which  crushed  the  land  forces  of  the  Persians,  while  the  Athenian 
Themistocles  dashed  into  the  hurry-scurry  at  Salamis  which  shattered 
their  navy — a  feat  we  once  re-produced  in  the  English  Channel  against 
the  Armada.  Athens,  under  Pericles,  collected  the  works  of  Homer. 
What  city  but  this  could  have  been  the  home  of  Phidias,  Apelles  and 
Zeuxisl  It  was  what  Bulwer  Lytton  says  Paris  is — "  0  mon  Paris, 
foyer  des  idees  et  ceil  du  nionde."  Where  else  could  Socrates  have 
questioned,  Diogenes  sneered,  Sophocles  and  Euripides  produced  their 
perfect  dramas,  Aristophanes  have  laughed,  Plato  walked  the  grove? 
With  the  noblest  of  all  buildings,  the  Parthenon,  before  their  eyes;  with 
the  Acropolis  there  as  a  lesson  that  a  country  is  glorified  by  a  people 
who  will  dare  to  leave  their  homes  and  lose  their  worldly  all  sooner 
than  their  freedom  ;  with  a  quick-witted  population  whose  perfect 
language  was  an  admirable  vehicle  for  thought,  knowing  which  they 
had  the  literary  treasures  of  the  world  at  their  control — what  wonder  if 
the  young  patricians  of  Rome  resorted  thither,  and  made  it  what  a 
combined  Oxford,  Paris  and  Heidelbei'g  would  be  to-day.  Such  then, 
in  the  most  flourishing  time  of  its  schools,  though  when  riches  and  the 
loss  of  true  independence  were  stifling  original  thought — when  literature 
and  philosophy  had  reached  their  local  acme,  and  art,  with  religion,  was 
decaying — such  was  Athens  when  Cicero  was  sent  there  to  finish  his 
education  and  become  imbued  with  the  tenets  of  the  Pythagorean 
Philosophy. 
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Pythagoras  seems  to  have  held  to  tlie  old  world  something  like  th(; 
relatiou  which  Xewton  or  Darwin  hold.s  to  this.  Born  in  Samos,  fivo 
or  six  centuries  before  Christ,  he  was  a  great  traveller ;  we  hear  of  bis 
having  gone  to  Egypt,  and  he  tinally  settled  at  Crotona,  one  of  the  Greek 
towns  of  Southern  Italy.  Pythagoras  brought  forth  Plato,  as  Darwin 
brought  forth  Herbert  Spencer,  and  though  we  know  but  little  of  the 
exact  tenets  of  Pythagoras  himself,  his  teachings,  as  we  may  know  them 
from  his  School,  ought  to  be  more  familiar  to  us.  I  do  not  for  a  moment 
suppose  that  the  disciples  of  Pythagoras  knew  more  of  his  views  than  a 
university  class  of  to-day  knows  of  the  views  of  its  most  distinguished 
professor.  No  books  are  left;  the  papyri  are  too  fragmentary  to  help 
us  out.  I  doubt  if  it  was  the  method  of  the  time  to  write  one's  know- 
ledge down  and  claim  the  distinction  which  the  discovery  of  a  new  moth, 
or  fly,  or  microscopic  bacterion  now  gives.  The  old  philosophers  were 
■disposed  to  be  secretive,  to  guard  their  knowledge  from  the  herd ;  they 
were  reflective  ;  they  condensed  their  thought,  and  none  who  remember 
the  so-called  Theorem  of  Pythagoras  (Euclid  T.  47)  need  be  surprised  at 
his  motto  :   "  Number  is  the  Soul  of  the  World." 

(At  this  point,  Mr.  Harvey  read  his  own  translation  of  Somaium 
Scipionis,  but  before  doing  so  made  the  following  remark: — I  may 
say  that  the  Latin  words  are  technical,  yet  technical  in  a  science  of 
which  the  conditions  have  changed,  so  that  the  spirit  of  them  is  apt 
to  be  misrepresented  by  the  use  of  words  current  in  the  speech  of  to- 
day. I  have  had  to  eliminate  such  terms,  for  instance,  as  "  rotation," 
■"energy,"  "force,'  for  evolutionary  views  and  modern  doctrines  have 
already  given  special  meaning  to  many  of  our  common  scientific  words. 
Mr.  Harvey  went  on  to  say  that  a  great  deal  of  light  is  shed  on  the 
brief  fragment  by  reading  Philolaus,  Plato,  Macrobius,  and  the  De 
Officiis  of  Cicero  himself.) 

The  metaphysical  part  of  the  argument  resolves  itself  into  this  : 
That  eminent  men  are  so  upright  in  their  ways,  so  solicitous  for  the  well- 
being  of  their  country  and  their  fellow-men,  so  dignified,  yet  gentle,  in 
their  manners,  so  informed  with  every  virtue,  that  they  seem  to  be  of 
heavenly  origin.  They  appear,  indeed,  scarcely  to  have  left  that  happy 
abode,  for,  in  a  sense,  they  carry  it  with  them,  always  and  everywhere. 
To  such  men  the  return  to  heaven  might  well  be  thought  easy  !  In  the 
books  and  oral  teachings  of  the  Pythagoreans,  careful  classifications  of 
the  virtues  and  disquisitions  thei'eon  were  not  infrequent.  The  scheme 
of  Plotinus  I  may  thus  condense:  — 
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1.  Political  virtues  were  ;  To  interest  oneself  in  the  country's  behalf^ 
in  that  of  the  city,  too  ;  to  respect  one's  parents,  love  one's  children,  and 
show  goodwill  to  neighbours  ;  to  guide  all  thoughts  and  acts  by  just  rea- 
soning, to  do  naught  but  the  right,  to  be  careful  of  duties  to  men  and  to 
the  gods.  Five  classes  of  such  political  virtues  might  be  named.  Pru~ 
denee,  which  includes  judgment,  understanding,  circumspection,  foresight, 
readiness  to  hear  both  sides,  caution.  Valour,  to  which  belongs  the  duty 
of  raising  the  mind  above  the  fear  of  danger,  and  of  everything  but 
unworthy  conduct,  also  of  bearing  with  even  temper  adversity  and  pros- 
perity. Fortitude  begets  magnanimity,  trustworthiness,  calmness,  the 
power  to  do  great  or  good  acts,  constancy,  tolerance,  firmness.  Tem'per- 
ance  subdues  the  desires  within  just  bounds,  prevents  one's  doing  that 
of  which  one  can  ever  be  ashamed,  and  is  accompanied  by  modesty, 
veneration,  abstinence,  chastity,  honesty,  frugality,  soberness.  Justice 
gives  every  one  his  due,  and  from  it  proceed  friendship,  innocence,  con- 
cord, piety,  religion,  and  humanity.  By  these  virtues  a  man  becomes 
the  ruler  of  himself  first,  and  afterwards  of  the  State  as  well. 

2.  Purifying  virtues,  which  are  those  of  lovers  of  wisdom  who  are 
desirous  of  comprehending  Divine  law  and  of  cleansing  themselves  from 
the  grossness  of  things  corporal.  They  are  the  attributes  of  men  who 
withdraw  from  public  affairs. 

3.  The  virtues  of  the  purified  soul  come  next,  and  are  followed,  not 
from  choice,  but  because  no  other  course  is  possible.  Lusts  need  not  be 
kept  in  check  ;  they  are  forgotten  ;  passions  need  not  be  ignored  or  con- 
quered, they  are  not  felt ;  anger,  envy,  carnal  desire,  are  never  experi- 
enced ;  justice  is  known  and  done  by  intuition. 

4.  Exemplary  virtues  are  like  to  these  ;  those,  for  instance,  of  a  man 
who  is  always  brave,  whose  mind  is  god-like  by  first  intention,  wha 
must  be  just  by  the  eternal  law  of  his  being,  who  cannot  be  deflected 
from  virtuous  action. 

The  great  result  of  all  is  the  knowledge  of  oneself. 

On  the  other  hand,  those  who  follow  the  desires  of  the  body,  or  what 
we  call  the  lusts  of  the  flesh,  make  of  themselves  brute  beasts,  fear  the 
dissolution  of  the  body  ;  their  souls  cannot,  when  the  body  dies,  easily 
lose  their  connection  with  it,  but  linger  about  it  and  about  the  grave. 
Having  chosen  the  life  of  the  animal,  they  wish  to  follow  the  pursuits, 
they  chose,  and  their  return  to  Heaven  is  blocked  by  many  an  obstacle. 

The  soul,  or  the  principle  of  life,  you  will   remember,  is  said  in  the 
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Dream  to  come  to  man  from  tlie  stars.  What  that  principle  is  was 
thus  variously  defined  : — Plato,  a  moving  essence  ;  Xenocrates,  number, 
self-moving ;  Aristotle,  ■•/r-/.i/z'.a,  absolute  being,  or,  as  I  mrike  it,  "  un- 
created existence  "  ;  Pythagoras  and  Philolaus,  harmony  ;  Poseidonius, 
idea,  thought ;  Asclepiades,  the  united  exercise  of  the  five  senses  ; 
Hippocrates,  a  tenuous  spirit  pervading  all  matter  [omne  corpus)  ; 
Heraclides  Ponticus,  light  ;  Heraclitus  the  Physicist,  a  spark  of  the 
essence  of  the  stars  ;  Zeno,  a  spirit  united,  concrete  with  the  body  ; 
Democritus,  a  spirit  connected  with  atoms,  so  easily  moved  that  all 
bodies  are  pervious  to  it ;  Critolaus,  quint-essence ;  Hipparchus,  fire  ; 
Anaximenes,  air ;  Empedocles  and  Critias,  blood  ;  Parmenides,  the  pro- 
duct of  earth  and  heat,  or  fire  ;  Xenophanes,  the  product  of  earth  and 
water ;  Boetius,  air  and  heat ;  Epicurus,  fire,  air  and  spirit. 

The  abode  of  incorporeal  souls  is  said  to  be  the  Milky  Way,  and  this 
was  defined  as  follows  : — Theophrastus,  "  where  the  two  Hemisi)heres  of 
the  Heavens  are  soldered,  there  being  a  noticeable  brightness  where  the 
edges  come  together."  Diodorus,  "  fire  (by  which,  I  think,  is  meant 
what  we  call  inter-stellar  ether)  of  a  condensed  and  concrete  nature, 
brought  into  one  curved  path  (or  definite  place)  by  the  dissociation  of 
the  material  of  the  universe.  The  quantity  thus  collected  makes  it 
visible  to  the  eye,  though  on  account  of  its  too  great  difi'usiveness  it  can- 
not be  seen  elsewhere."  Democritus,  "  innumerable  stars  so  closely 
assembled,  yet  separated  by  such  spaces,  as  to  show  light  like  one  body, 
though  really  diflfused."  Poseidonius,  "an  infusion  of  sidereal  light." 
In  the  Milky  Way  you  may  see  two  comparatively  dark  places.  These 
were  the  two  gates  by  which  souls  descended  to  Earth  and  returned  to 
Heaven. 

We  have  now  to  touch  lightly  on  the  Pythagorean  view  of  numbers. 
Everything  began  from  the  monad  or  unit,  which  was  both  masculine 
and  feminine.  The  odd  numbers  were  considered  masculine  in  their 
attributes,  the  even  numbers  feminine.  Two  and  three  were  ai'ranged 
on  different  sides  of  a  triangle — squared  and  cubed — and  this  gave  a 
key  to  numerous  proportions. 
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Then  came  a  number  of  symi)honies — the  diapason,  hemiolius,  dia- 
pente,  diatessaron,  disdiapasou  and  epogdoon.  Mi'.  Martin  has  arranged 
these  interstitial  numbers  or  mean  terms  thus  : — 
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Noting  the  many  remarkable  properties  of  numbers,  Pythagoras  con- 
ceived that  numerical  proportion  was  at  the  root  of  the  order  of  Nature. 
As  in  the  Heavens  there  can  be  nothing  fortuitous,  nothing  tumultuary, 
musical  sounds  must  be  produced  by  the  revolution  of  heavenly  bodies, 
and  the  in-dwelling  property  of  proportion  must  cause  them  to  be  har- 
monious. As  a  practical  experimenter,  we  hear  that  Pythagoras  weighed 
the  hammers  of  the  smiths  at  the  forges  and  found  their  weights  to  cor- 
respond proportionately  to  the  sounds  they  gave  out.  He  suspended 
weights  to  the  tendons  of  animals,  and  found  the  correspondence  between 
tension,  length  and  note  (or  particular  sound).  We  use  his  monochord 
to-day.  If  we  take  Plato  in  his  Timoeus  to  be  an  exponent  of  the  views 
of  Pythagoras,  we  shall  see  how  great  a  physicist  he  must  have  been : — 
His  statement  is  that  before  the  Heavens  there  existed  Being,  and 
Generation,  and  Space ;  that  all  matter,  all  the  elements  (fire,  air,  earth 
and  water),  were  combined,  no  part  being  left  out.  Much  idle  talk  is 
indulged  in  by  careless  readers  and  thinkers  ;  they  say  we  have  pro- 
gressed beyond  these  elements.  But  if  we  examine  what  was  meant  by 
the  term,  we  may  find  ourselves  not  widely  differing  from  the  Pytha- 
goreans. Fire,  for  instance,  was  considered  under  three  heads — flame, 
light,  and  heat.  If  for  their  technical  word  Fire  we  substitute  ours, 
Energy,  the  difference  is  resolved  into  the  change  of  the  scientific  jargon 
of  the  time.  The  atoms  were  by  Pythagoras  (taking  the  same  authority 
for  his  views),  considered  to  be  triangular  in  shape,  and  such  as  could  be 
arranged  in  symmetrical  ways,  especially  the  equilateral  triangle,  and 
the  right-angled  triangle  formed  by  dividing  one  of  its  sides  into  equal 
parts  and  connecting  the  middle  point  with  the  apex.  In  this  triangle 
the  hypothenuse  is  twice  the  smaller  side.  Triangles  variously  arranged 
around  a  point  form  various  figures,  e.g.,  the  square  and  parallelogram, 


/ 
\ 

The  Astronomical  and  Physical  Society  of  Toronto.  51 

•consisting   of   four  ;  the  pentagon,   of  five  ;   the  hexagon,   of  six ;  and 
wliat  we  easily  see  in  the  plane  needs   but  a   little  more   knowledge  of 
geometiy  to  comprehend  in  the  solid.     His  views  as  to  the  fluidity  and 
compressibility  of  substances,  as  influenced  by  the  shape  and  disposition 
of  atoms,  tlieir  parts  and  proportionate  fractions  of  parts  in  the  inter- 
stices, deserve  more  consideration  than  we  can  now  give.     Pythagoras  saw 
that  the  cosmos  was  one,  ruled  by  one  law — a  conception  we  are  just  re- 
attaining  ;  "  one  solitary  Heaven,  a  circle  moving  in  a  circle,"  being  his 
expression  for  the  perfection  of  form  which  this  unity  must  have.     As 
for  the  Divinity,  "He  is"  expresses  Him,  and,  if  1   can  glimpse  aright 
his  idea  of  the  creation  or  the  formation  of  things,  it  was  the  introduc- 
tion into  chaos  of  the  principle  of  order.     There  is  in  this  a  reasoning 
in    a    circle — how,    without    a    beginning,    could    chaos    be — but    the 
Mosaic  Genesis  or   the  scientific  Nebular   Hypothesis  of  to-day   is   no 
better,  nor  shall  we  ever  get  behind  a  First  Cause.     Some  of  the  circles 
described  by  formed  or  forming  bodies  being  larger  than  others,  and  their 
velocities  differing,  spiral  motion  followed  (a  conception  re-adopted  in  the 
modern  theory  of  vortices).      "After  this  manner,"  says  Plato,  ''came 
into  being  such  ot   the  stars  as  in  their  heavenly  courses  had  times  of 
■change."     Creation  was  pervaded  by  the  anima  mundi,  and  the  author 
proceeds  thus  ;   "  A  soul  was  placed  upon  each  star,  and  when  according 
to  law  it  animated  a  bodily  frame,  tlie  consequence  of  virtuous  life  was  a 
return  to  that  blessed  and  suitable   existence."     But  the  Earth  was  not 
the  only  abode  of  life.      "  He  sowed  some   in  the  Earth,    some  in  the 
Moon,  some  in  the  other  stars,  which  are  the  vessels  of  time."     For  us 
in  the  Earth   "  He  invented  and  gave  sight,  to  the  end  that  we  should 
observe  the  courses  of  intelligence  in  the  Heavens"  ;  but  we  are  not  the 
•only  beings  with  a  divine  essence.      "  The  gods  informed  other  natures 
akin  to  that  of  man,  with   various  (other  forms  of)  perceptions — these 
are  trees  and  plants."     Sound  was  an  impulse  ;  speech  is  defined  as  "  a 
blow,"  as   "  strokes  transmitted  through  the  ears  to  the  soul  by  means  of 
the  air  and  brain  " — hearing  being  the  vibration  of  these  blows.     Sounds 
which   have   swift  impulses  are  acute,    slow   ones  grave.     Colours  are 
flames  (rays)  which  emanate  from   all  bodies,   having  particles  corres- 
ponding to  the  sense  of  sight. 

Coming  to  the  detailed  calculations  of  this  ancient  school,  we  are 
much  aided  by  Macrobius,  who  wrote  when  Honorius  was  Emperor,  for 
the  instruction  of  young   Eustathius,  whom  he  addresses  as  "  my  son. 
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the  delight  and  glory  of  my  life,"  and  "  my  son,  dearer  and  more  beloved 
than  the  light  of  day."     They  tabulated  distances  somewhat  as  follows  : 


I  the  Earth  to  the  Moon  =                                  1 

Sun     =        1x2=          2 

Venus           2x3=          6 

Mercury        6x4=        24 

Mars           24  x     9  =      216 

Jupiter     216  X     8  =     1728 

Saturn     1728  x  27  =  46656 

The  size  of  the  Earth,  Macrobius  states  at  about  80,000  stadia,  or 
10,000  miles  through,  and  the  distance  of  the  Sun  was  measured  on  the 
assumption  that  the  Sun  threw  up  darkness  when  it  went  below  the 
Earth,  60  times  this  diameter.  This  gave  600,000  miles  as  the  radius  of 
the  Sun's  sphere.  Thus  the  circumference  of  the  circle  of  the  Sun  being 
3,700,000  miles,  a  means  was  given  of  finding  the  size  of  that  body,  and 
the  apparent  size  of  its  disc  was  compared  with  the  circuit  it  described 
in  the  sky  at  the  equinox.  One  method  was  to  measure  the  depth  of 
the  shadow  in  a  concave  dial  between  its  first  appearing  at  sunrise  and 
the  end  of  the  first  hour  of  an  equinoctial  day.  This  was  observed  to 
be  T^T  of  the  Sun's  apparent  course ;  the  ttt  of  the  circumference  of  his 
circle,  =  17,500  miles,  or,  in  round  numbers  twice  the  size,  or  eight 
times  the  mass  of  the  Earth. 

In  beginning  this  paper,  I  remarked  that  I  did  not  think  the 
Pythagorean  school  were  complete  exponents  of  Pythagorean  doctrine. 
Macrobius  occupies  pages  with  the  singular  co-incidences  of  numerals 
with  physical  periods.  Thus,  in  man,  in  seven  months  he  gets  teeth,  in 
twice  seven  he  sits  up,  in  thrice  seven  he  articulates,  in  four  times  seven 
he  walks,  etc.  Pythagoras,  we  may  be  sure,  never  indulged  in  any  such 
trifling.  Grand  as  is  the  Timceus  of  Plato,  a  prose  poem  of  the  loftiest, 
I  doubt  if  we  can  call  even  that  an  exposition  of  the  views  of  this  great 
master  of  natural  science.  Plato,  whose  very  name  expresses  the  breadth 
of  his  intellect,  may  have  had  a  wider  range  of  thought,  but  as  a  mathe- 
matician and  original  observer,  neither  he  nor  Cicero  was  in  complete 
touch  with  Pythagoras.  The  Somnium  seems  to  me  a  precis  of  the 
Timceus — the  machinery  of  the  dream  being  substituted  for  that  of  the 
dialogue. 

But  Egypt  was  the  real  and  crowded  repository  of  the  best  thought 
and  science,  and  we  must  all  feel  the  spirit  of  Old  Nile  behind  that  of 
Greece.     Pythagoras,  Plato,  Herodotus,  Solon,  all  drank  in  their  lore 
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from  Egyptian  sources.  While  Egypt  was  independent,  her  philo- 
sophers were  the  great  thinkers  and  masters  of  science,  understanding,  as 
I  believe,  the  true  system  of  the  stars  and  planets,  but  the  fountains  of 
knowledge  dry  up  as  national  self-respect  diminishes,  and  after  she  became 
subject  to  Persians,  Greeks  and  Romans,  faint  echoes  only  of  pristine 
teaching  were  heard  in  the  land,  and  these  only  were  i-epeated  for  our 
instruction  by  those  who  were  privileged  to  visit  the  seats  of  decaying 
learning.  We  may,  therefore,  find  Pythagorean  views  before  Pythagoras, 
though  we  have  to  look  into  mythology  to  discover  them.  Having  lost 
many  of  the  keys  of  this  symbolism,  we  have  not  the  clear  insight  which 
belonged  to  these  initiated  at  Eleusis  or  instructed  at  Sais. 

Alas,  that  the  gods  have  been  struck  dumb !  Plato  did  not  despise 
the  imagery  of  the  old  religion.     Hear  his  magnificent  outburst :  — 

'0  IJ.VJ  3s  iitya  iffziiur^  sv  Ovriuvio  Zeu?  ....  "  First  marches  Zeus,  the 
great  ruler  of  the  sky,  driving  swiftly  his  flying  chariot,  surveying  and 
completely  arranging  all.  Him,  in  twelve  columns,  follow  the  troops  of 
gods  and  deified  men — the  Earth  being,  it  would  seem,  the  only  body  in 
the  universe  at  rest." 

That  Zeus,  to  Plato,  was  the  Sun,  is  evident ;  the  twelve  columns 
.are  the  zodiacal  divisions.  He  goes  on  to  speak  of  the  Earth  as 
"  clinging  "  or  "  circling  "  round  the  poles.  The  Greek  word  '.'/./.ooixv^tj 
beai's  both  meanings.  If  we  could  resolve  the  doubt — "  which  did  he 
intend  1 " — we  could  tell  if  the  rotation  of  the  Earth  was  known  to  the 
highest  minds  of  antiquity.  But  the  gods  were  old  in  Plato's  time,  and 
if  we  can  trace  the  same  thoughts  to  the  years  when  they  were  young, 
we  shall  have  proved  our  point.  We  will  look  into  Hesiod  and  Homer, 
who  were  to  Greece  what  Gower  and  Chaucer  are  to  the  English  language 
and  its  poetry.  Hesiod  symbolizes  the  Suu  as  Apollo,  and  so,  too,  by  the 
way,  does  ^Eschylus.  Apollo  was  the  leader  of  the  Muses,  i.e.,  the 
source  of  all  knowledge  and  sensation.  His  silver  bow  was  the  course 
of  the  Cun  across  the  Heavens ;  his  swift  darting  arrows  were  the  sun- 
beams, causes  of  health  and  of  disease  (iar/jyf) ;  his  name  Phoebus 
indicated  solar  brightness,  his  title  D'elius  (J/^/.o^-)  the  light  which  makes 
all  things  manifest.  The  glorious  rays  of  the  Sun  gave  him  his  epithet 
the  Golden  Haired,  and  when,  earliest  of  his  works,  he  slew  the  Python 
and  was  called  the  Victorious,  what  else  was  meant  than  that  the  Sun, 
emerging  from  Chaos,  rendered  deformity  in  his  system  impossible,  while 
his  daily  rising  puts  an  end  to  Night,  extinguishes  the  stars,  and  gives 
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laws  to  all  upon  the  Earth?  His  claim  to  be  the  patron  of  music  rested 
upon  this — that  "the  sunshine  makes  birds  sing  and  all  creation  rejoice." 
"After  the  seven  wanderers,"  says  Hesiod,  "the  Heavens  above  all 
include  and  contain  the  rest."  Therefore  he  calls  his  eighth  Muse 
Urania,  from  Oof>a'^(»i,  the  sky,  while  the  ninth  in  his  Theogony,  last 
and  chief  of  the  graceful  throng,  is  Calliope,  sweet  voiced  Harmony. 
Surely  this,  and  Pythagoras'  and  Plato's  views,  had  a  common  ancestry. 
We  must  be  brief  with  Homer,  though  full  of  scientific  knowledge, 
showing  through  his  myths. 

Zsh'i  yap  I^  ^iix-avov  /x£t'  a;j.i\'j.ova'i  Ai0>.(>7:r^a>i 

AwdsxdrTj  f^i  to'.  wyiVj^  £?,an(T£zai  OoXu;j.~6vd£. 

For  Jove  is  to  3  banquet  gone,  since  yesternight, 

Beyond  the  sea,  among  the  ^^thiops, 

And  with  him  all  the  Gods  for  company. 

At  the  twelfth  (hour)  he'll  come  to  Heaven  again. 

Iliad  I.,  424. 

Zeus,  the  All-Father,  the  Cloud-Compeller,  is  the  Sun ;  the  gods  who- 
went  in  his  train  the  stars,  the  twelfth  hour  indicates  the  time  between 
sunset   and  sunrise  or  the    setting   and    rising  of  the  principal  stars. 
Again  : — 

All  in  gold 
Himself  arrayed,  the  golden  lash  he  grasped 
Of  curious  work,  and,  mounting  on  his  car, 
Urged  the  fleet  coursers  ;  nothing  loth  they  flew, 
Midway  between  the  Earth  and  starry  Heaven. 

Iliad  VIII. 

This  is  distinctly  Pythagorean,  as  to  the  place  of  the  Sun  in  the 
System,  and  as  to  Saturn's  we  have  the  following : — 

The  lowest  deep 
Of  earth  and  ocean,  where  lapetus 

And  Saturn  lie. . .  .in  Tartarus  profound. 

After  Zeus,  the  Sun,  or  Fire,  we  have  Here  or  Juno,  the  air  or  ether., 
She  is  said  to  be  the  sister  of  Jupiter,  as  having  the  same  origin,  and 
his  wife,  too — Macrobius  says  because  air  is  subject  to  the  sky,  but 
possibly  because  the  Sun  generates  worlds  from  the  interstellar  ether. 
Here  is  the  Springtide — 
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Thus  saying,  in  his  arms  he  clasped  his  wife, 

The  teeming  Earth  l)eneath  them  caused  to  spring 

The  tender  grass,  and  lotus,  dew  besprent. 

Crocus  and  hyacintli,  a  fragrant  couch 

Profuse  and  soft,  up-springing  from  the  Earth. 

Iliad  XIV. 

To  complete  the  four  elements,  we  have  Neptune,  the  lord  of  th* 
water,  and  Pluto  of  the  depths  of  the  earth,  brothers  of  Zeus  and  Juno. 

Iliad  XV. 
On  the  shield  of  Achilles  were  figured — 

Earth  and  sky  and  sea, 
The  ever-circling  sun  and  full  orbed  Moon 
And  all  the  signs  that  crown  the  vault  of  Heaven, 
Pleiads  and  Hyads  and  Orion's  might 
And  Arctos,  call'd  the  Wain,  who  wheels  on  high 
His  circling  course,  and  ou  Orion  waits — 
Sole  star  that  never  bathes  in  the  ocean  wave. 


Iliad  XVIII. 


Orpheus  again  testifies  in  similar  strain — • 


Oupaviai<i  (TTfyoipdhy^i  Trspidpoij.o'j  alh  i)J.(TtToyj 
"AyXas  Zzfj  JjMVfjffi,  ~drtp  —uvroo  —drsp  al'r/i^, 
^H).ie  ~ayy£VzTop,  ~ava{o/.s,  Xpu<T2()<pzYYi<i. 

Hear  us,  glorious  Zeus  Dionysus,  father  of  Ocean,  father  of  Earth, 

Sun,  begetter  of  all,  illumining  all,  golden  rayed  light, 

Ever  spinning  thy  course  in  celestial  circles. 

That  whirling  orbit  of  thine  in  the  far  stretching  eddy  (of  space). 

Oldest  of  all,  perhaps,  is  the  invocation  of  the  priests — 

"HXcs  TZavTOxpdrnp^  xi'xt/io')  ~y;~>fiaj  y.oT/j.ii'j  '?')•>«;/.'<•,  y.i'>/rpj)f>  ^w^'. 
All-ruling  Sun,  thou  soul  of  the  world,  might  of  the  woi-ld,  light  of  the  world. 

When  great  men  like  Pythagoras  tell  us  God  created  the  world  by- 
taking  a  part  of  the  original  firmament,  then  double  that,  and  three 
times  that,  filling  up  the  interstices  with  diapasons  and  diapentes,  it 
indicates  just  conceptions  of  the  wonderful  harmonies  in  all  created 
things.  What  else  is  Phyllotaxis,  which  gives  us  the  elegant  double 
spiral  of  the  spruce,  the  perfect  form  of  the  rose,  the  sculptured  column 
of  the  palm  1     What  else  is  Harmony,  as  chanted  in  national  anthems. 
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or  refined  above  common  comitreiiension  by  Bacli  or  Wagner?  What 
else  mean  the  wave-lengths  of  light  which  yield  us  the  impression  of 
colour,  or  the  attuned  electrical  impulses  which  are  revealing  to  us 
actualities  in  space  which  may  hold  great  possibilities  for  us  ?  MendeljeiT 
has  taught  us  the  complete  harmonies  of  atomic  combinations.  Bode 
and  Kepler's  laws  were  found  by  following  a  Pythagorean  lead,  and  the 
Asteroids  are  sorted  into  belts,  following  the  nodal  harmonies  of  the 
attractive  powers  of  Jupiter  and  the  Sun.  The  scales  of  reptiles  and 
fishes,  the  feathers  of  birds,  are  arranged  in  numerical  proportion,  and 
the  veiy  hairs  of  our  head  are  numbered^«o(^/jtry/ji£>a.'.  All  honour, 
then,  to  the  great  minds  of  old  :  away  with  nari-ow  sneers  at  Hesiodic 
and  Orphic  cosmogonies.  Would  that  we  could  attain  to  the  balanced 
equipoise  of  the  old  Egyptians,  themselves,  perhaps,  reproducing  an  older 
civilization,  which  their  fable  of  the  lost  Atlantis  may  imply ;  also  the 
perfect  art  and  philosoi)hical  mind  of  the  Hellenes,  while  retaining  and 
increasing  the  knowledge  of  and  control  over  physical  forces  which  we 
have  recently  acquired. 

In  conclusion,  what  would  not  Pyth-igoras  have  given  for  a  night 
with  a  modern  Astronomical  and  Physical  Society — to  view  the  Saturnian 
microcosm  and  hear  about  the  comjilementary  colours  of  double  stai's  1 
But  hush  !  At  the  time  of  the  Trojan  war  he  was,  he  claimed,  Euphorbus. 
According  to  his  doctrine,  two  thousand  years  having  passed,  he  may 
be  on  Earth  again,  and  who  knows  but  that  Pythagoras  redivivus  is  our 
Secretary  to-night. 

In  the  discussion  which  followed,  part  was  taken  by  the  Chairman 
and  Messrs.  Puvsey,  P^lvins,  Van  Sommer,  Musson,  Miller,  Ridout  and 
others. 


TWELFTH  MEETING. 

This  meeting,  by  previous  arrangements,  was  held  on  the  evening  of 
the  27th  of  June,  in  the  spacious  grounds  of  Mr.  W.  P.  Atkin.sou,  M.  A., 
where  nearly  a  dozen  portable  telescopes,  iricluding  three  of  3-inch 
aperture,  had  been  set  up.  Many  members  were  present  with  field  and 
opera-glasses,  and  the  evening  was  given  up  to  observation,  Dr.  A.  D. 
Watson  and  Messrs.  A.  Elvins,  T.  Lindsay,  A.  Harvey,  C.  T.  Gilbert 
and  G.  E.  Lumsden  and  others,  in  charge  of  telescopes,  taking  the  direc- 
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tion  of  groups  on  diflferent  parts  of  the  lawn.  Clouds  along  the  horizon 
-and  a  slight  haze  overhead  for  a  time,  combined  with  the  light  of  the 
nearly  full  Moon  to  render  invisible  a  number  of  interesting  objects. 
Still,  the  subjects  very  satisfactorily  examined  included  the  planets  Mer- 
<3ury,  Yenus  and  Mars,  situated  low  down  in  the  West ;  Saturn  and 
Uranus  in  the  South  ;  numerous  beautiful  double-stars  in  Virgo,  Cygnus, 
Scorpio  and  Ursa  Major  and  Ursa  Minor,  and  the  Moon,  which  was  not, 
of  course,  seen  to  the  best  advantage  in  her  then  phase.  It  happened 
that  Mars  and  Mercury  were  in  close  conjunction  in  Gemini.  They 
were,  consequently,  visible  together  either  in  an  opera-glass  or  in  a  tele- 
scope armed  with  a  low  power.  Mercury  was  seen  to  good  advantage, 
a  gratifying  fact  inasmuch  as  he  was  seen  for  the  first  time  by  a  few  of 
the  members  and  by  most  of  the  visitors  present. 

Two  hours  having  been  spent  in  observation,  the  Society  met  for  the 
transaction  of  routine  business  only,  Mr.  Atkinson  in  the  chair.  Mr. 
Pursey  reported  the  recefpt  of  publicationb  from  Gi'eat  Britain,  France 
and  the  United  States.  Several  communications,  including  enquiries 
respecting  the  Society  and  applications  for  membership  were  read.  It 
was  announced  that  the  Third  Annual  Report  had  been  published,  and 
that  with  the  consent  of  the  representatives  of  The  Canadian  Institute, 
each  copy  contained,  as  an  appendix,  the  Circulai*-letter  issued  to 
Astronomers  of  all  nations,  respecting  the  proposed  change,  at  the 
beginning  of  the  new  century,  of  the  reckoning  of  the  Astronomical 
Day.  On  motion  of  Mr.  Elvius,  seconded  by  Mr.  Harvey,  a  vote  of 
thanks  to  Mr.  Lumsden  for  the  manner  in  which  the  Report  had  been 
edited,  was  adopted. 

The  list  of  predictions  announced  was  unusually  full,  and  included 
a  special  reference  to  the  occultation  of  Antares  at  8.30  o'clock,  July 
-23rd. 


MEETING  BY   COUNCIL. 

Council  met  July  3rd,  Dr.  Larratt  W.  Smith,  Q.C.,  Vice-President, 
in  the  chair.  A  number  of  accounts  were  ordered  to  be  paid  :  the 
renting  of  permanent  rooms  was  considered,  and  the  subject  of  the  publi- 
cation of  the  Semi-Annual  Report  was,  after  discussion,  deferred  to  the 
Annual  Meeting  in  January,  1894. 
8 
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THIRTEENTH  MEETING. 

July  11th;  Dr.  Larratt  W.  Smith,  Q.C.,  Vice-President,  in  the 
chair. 

The  Secretary  read  letters  from  Dr.  E.  S.  Holden,  Director  of  the 
Lick  Observatory ;  Dr.  E.  C.  Pickering,  Director  of  the  Harvard  Col- 
lege Observatory ;  Professor  W.  W.  Payne,  Director  of  the  Goodsell 
Observatory,  Northfield,  Minn.;  Dr.  M.  A.  Veeder,  and  others;  alsa 
two  applications  for  Associate-Membership,  one  from  Philadelphia,  the 
other  from  Rochester.  The  annual  Reports  of  the  Society  seemed  to  b© 
in  some  demand,  as  several  applications  for  complete  sets  had  been 
received.  The  current  publications  received  by  Mr.  G.  G.  Pursey,  the 
Librarian,  included  those  of  The  Royal  Society,  The  Royal  Astron- 
omical Society,  and  The  Astronomical  Society  of  the  Pacific.  The  last 
mentioned  contained  some  fifty  views  of  the  planet  Mars,  drawn  during 
the  summer  of  1892  at  the  telescope  by  Professors  Schaeberle  and 
Hussey,  of  the  Lick  Observatory  staff.  All  of  the  plates  were  interest- 
ing, and  many  extremely  so,  the  work  being  beautifully  done.  Dr. 
Holden  announced  that  it  was  his  intention  to  issue  a  report  of  the  work 
done  on  Mars  at  Mount  Hamilton  by  himself.  Professor  Barnard,  and 
the  other  observers  using  the  great  and  the  12-inch  telescopes.  Mr. 
Pursey  also  presented  a  volume  containing  the  Greenwich  Observations 
for  1890,  which  was  received  from  the  Astronomer  Royal,  and  was 
examined  with  much  interest. 

Professor  T.  H.  Smyth,  of  Trinity  University,  Toronto,  was  elected 
an  Active  Member. 

Under  the  head  of  observations,  the  first  place  was  given  to  the^ 
Rordame-Quenisset  Comet,  discovered,  on  the  Stli  of  July,  at  Salt 
Lake  City,  and  then  easily  visible  to  the  naked  eye  as  a  nebulous  object. 
A  telegram  to  Mr.  A.  F.  Miller,  announcing  its  position,  was  read  from 
Mr.  John  Goldie,  of  Gait,  who  had  independently  discovered  the  comet 
on  the  9th  of  July,  not  having  heard  of  any  previous  discovery.  Two 
letters  were  received  from  Dr.  J.  C.  Donaldson,  of  Fergus,  and  Mr.  J^ 
R.  Connon,  of  Elora.  The  latter  gave  an  animated  description  of  the 
comet,  and  added  two  drawings  made  at  the  telescope.  He  described 
the  tail  as  being  several  degrees  in  length,  and  as  presenting  the  appear- 
ance of  a  hollow-tube,  or  cone,  and   the   nucleus  as  being  of  a  pale  elec- 
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tric-green  colour.  Mr.  Connon  added  that  the  comet  was  distinctly  seen 
on  the  night  of  the  8tli,  at  10  o'clock,  by  a  farmer  as  he  was  driving 
home,  Northward  from  Elora.  As  he  did  not  take  a  daily  paper,  and  as 
the  object  was  a  very  easy  one,  he  supposed  it  was  no  stranger  to  scientific 
men  interested  in  such  phenomena,  and  did  not  immediately  report  his- 
discovery.  Additional  reports  were  made  verbally  by  Dr.  Smith,  and 
Messrs.  Miller,  A.  Harvey,  G.  E.  Lumsden,  and  others.  A  description, 
with  drawings,  of  a  large  bolide,  or  fire-ball,  observed  on  the  7th  of 
July,  at  7  p.m.,  Vjy  Mr.  E.  A.  Eaton,  of  Toronto,  was  received,  and  wa.s 
ordered  to  be  forwarded  to  Sir  Robert  Ball.  This  bolide  appeared  to 
pass  very  slowly  Eastwards,  a  short  distance  below  the  dipper  in  Ursa 
Major,  and  to  explode  a  little  beyond  a  line  drawn  to  the  horizon  from 
the  Pole-star.  Of  the  three  large  pieces  into  which  the  tire-ball  separ- 
ated, the  smallest  flew  Northward  in  the  line  of  the  eye  and  disappeared 
apparently  as  a  very  bright  ])oint  on  the  meteor's  track,  seeming  not  to 
change  its  position  ;  a  second  portion  dropped  towards  the  Earth,  and 
the  third  came  towards  the  observer  in  the  line  of  sight.  A  short  paper 
was  received  from  Rev.  J.  F.  McBride,  containing  the  details  of  some 
observations  made  with  a  portable  transit  for  the  purpose  of  determining 
the  latitude  and  longtitude  of  St.  Helen's  Church,  Brockton,  in  Toronto. 
These  were  deduced  from  the  observed  altitudes  of  Spica  and  Polaris. 
Mr.  Harvey  read  a  note  on  the  appearance  of  the  sky  at  three  o'clock  in 
the  morning  of  the  10th  of  July.  The  atmosphere  was  unusually  clear, 
and  the  Heavens,  with  Jupiter  in  his  full  glory,  the  rising  Moon  in  her 
last  quarter,  various  bright  stars,  and  the  Milky  Way,  hanging,  as  it  were, 
with  festoons  of  stai's,  formed,  with  the  stillness  of  the  night,  an  awe- 
inspiring  subject  for  contemplation  of  the  amateur.  Mr.  A.  Elvins  and 
Mr.  Miller  described  the  great  activity  going  on  in  the  Sun.  Sun-spots 
had  been  numerous  and  extremely  interesting,  owing  to  rapid  changes. 
Mr.  Miller  said  he  had  again  noticed  that  the  bi'eaking  out  of  spots  in  one 
solar  hemisphere  was  usually  followed  by  the  appearance  of  spots  in  tlie^ 
corresponding  portions  of  the  other  hemisphere.  Mr.  Elvins  presented 
drawings  made  of  the  disc  of  the  Sun  every  day  in  July,  together  with 
enlarged  representations  of  the  chief  groups  of  spots,  showing  accurately 
and  graphically  the  alterations  in  their  appearance.  A  long  series  of 
planetary  and  stellar  observations  by  Dr.  Donaldson,  of  Fergus,  was 
read.  This  observer  had  been  steadily  observing  the  Sun  since  .January 
1st,  1892,  and  stated  that  on  no  day  had  his  disc  been  entirely  free 
from  spots. 
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Dr.  Donaldson  also  sent  a  series  of  diagrams  i-epresenting  the  positions 
of  various  triple  and  multiple  stars  he  had  been  examining  in  Leo, 
Hercules  and  Cygnus,  and,  owing  to  a  published  intimation  that  the 
green  companion  to  Antares  should  be  looked  for  on  the  occasion  of  the 
occultation,  July  23rd,  stated  that  at  -i  a.m.  on  the  28th  of  March,  1893, 
he  found  the  pair  so  easily  divided  by  his  3|-inch  Cooke,  that  he  tried 
smaller  apertures,  and  was  always  successful  in  "  clearly  and  distinctly  " 
sepai'ating  them  until  he  reached  2|  inches,  when  "  the  green  star  was 
visible  as  a  thickening  of  the  diffraction-ring." 

Mr.  Thomas  Lindsay  read  the  following  paper  based  upon 

THE    OCCULTATIOX    OF    AXTARES, 

to  be  visible  at  Toronto,  July  23rd,  1893.  Mr.  Lindsay  said  that  in 
considering  the  phenomenon  of  the  occultation  of  a  fixed-star  by  the 
Moon,  we  may  imagine  an  observer  to  be  stationed  at  the  star  looking 
out  upon  the  Earth,  supposed  to  be  projected  upon  space  as  a  flat  disc, 
and  watching  the  disc  of  the  Moon  passing  over  it.  He  sees  the  edge  of 
the  Moon  just  touching  the  position  of  an  observer  on  the  Earth,  and  at 
that  moment  it  is  clear  that  the  immersion  of  the  star  occurs  to  the 
mundane  observer.  If  an  observer  were  stationed  at  a  star  in  the  Pole 
of  the  Heavens,  the  circles  of  latitude  su])posed  to  be  dravv^u  upon  the 
Earth's  surface  would  truly  appear  as  circles  ;  the  plane  of  the  disc 
would  be  the  plane  of  the  equator. 

If  he  were  stationed  at  a  star  on  the  celestial  equator,  the  circles 
would  apjjear  as  straight  lines,  and  the  plane  of  the  disc  would  be  at 
right-angles  to  the  equator.  But  if  he  were  stationed  anywhere  between 
the  Equator  and  the  Pole,  the  circles  would  be  foreshortened  into  elliptic 
curves,  and  the  ))lane  of  the  disc  would  make  an  acute-angle  with  the 
plane  in  which  the  axis  lies.  In  this  case,  the  semi-axis-major  of  the 
ellipse  into  which  the  circle  of  latitude  is  projected,  is  the  cosine  of  that 
latitude,  and  the  semi-axis-minor  is  the  sine  of  the  declination  of  the 
star,  not  to  radius  unity  of  the  disc,  but  to  radius  cosine  of  the  latitude  ; 
noting  also  that  the  inclination  of  the  plane  to  the  Earth's  axis  is  equal 
to  the  declination  of  the  star,  or  position  of  the  observer  in  space. 

The  proportion  between  the  Earth's  disc  and  that  of  the  Moon  is  as 
1  to  "27227.  The  figure  of  the  Earth  being  that  of  an  oblate-spheroid, 
it  is  necessary  to  take  into  account  the  varying  length  of  its  radius  as 
we  pass  from  Equator  to  Pole,  and  also  of  the  diflerence  between  the 
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astronomical  latitude,  as  measured  from  the  zenith  of  the  plumb-line, 
and  the  geocentric  latitude,  as  measured  from  the  zenith  of  a  line 
passing  through  the  true  centre  of  the  spheroid  ;  in  representing  the 
disc  of  the  Earth,  a  given  latitude  must  be  reduced  to  the  geocentric 
latitude. 

We  may  now  consider  the  occultation  of  Antares  of  July  23rd. 
The  declination  of  the  star  is  26°  11'  53"  S.,  therefoi-e,  a  line  from  it  to 
the  centre  of  the  Earth,  and  produced,  would  enter  the  Earth  in  this 
latitude  South,  and  leave  it  in  the  same  latitude  North.  The  disc  of 
the  Earth  would  appear  as  in  the  diagram.  Let  C  be  the  centre,  lat. 
26°  ir  53"  S.  Then  upon  a  meridian  passing  through  it,  the  Equator 
would  be  projected  at  E,  CE  being  the  sine  of  the  arc  26°  11'  53". 
The  South-pole  being  63°  48'  07"  South  of  the  point  C,  it  would  be 
projected  on  the  disc  in  the  point  which  measures  the  sine  of  this  arc, 
at  P.  The  arc  from  C  to  the  latitude  being  69"  39'  48",  we  measure 
the  sine  of  this  arc  at  Tn  and  have  the  position  of  Toronto  at  the  upper 
culmination  of  the  star.  The  difference  between  the  latitude  of  Toronto 
and  the  star's  declination  is  17°  16'  02".  The  sine  of  this  arc  is  C  Tm, 
and  Tm  is,  therefore,  the  position  of  Toronto  at  the  lower  culmination 
of  the  star ;  or,  we  may  consider  the  globe  transparent  and  say  the 
observer  would  see  the  opposite  point  of  the  latitude-circle  of  Toronto 
at  Tm.  Tn  Tin  is  then  the  axis-minor  of  the  ellipse  into  which  the 
latitude-circle  is  foreshortened.  Bisect  Tn  Tm  in  A.  Set  off  AB, 
AD  9X  right-angles  to  the  meridian,  and  each  equal  to  the  cosine  of  the 
latitude.  Then  DB  is  the  axis-major  of  the  ellipse.  If  now  we  sup- 
pose that  Antares  is  on  the  meridian,  Toronto  will  be  seen  at  Tn  ;  then 
the  axial  motion  of  the  Earth  carries  it  Eastwai'd  and  when  one-quarter- 
revolution  is  made,  or  in  6  hours  sidereal  time,  Toronto  is  at  B.  Between 
Tn  and  B,  the  ellipse  touches  the  circle  and,  at  that  point,  Toronto  is 
caiTied  from  the  view  of  the  observer  at  the  star,  or  to  the  real  observer 
the  star  sets.  Six  hours  more  and  Toronto  is  at  Tn  ;  another  quarter- 
revolution,  and  it  is  carried  to  D  and  between  E  and  Tm  the  ellipse 
again  touches  the  circle  and  the  star  rises.  To  mark  the  position  of 
Toronto  during  the  intermediate  hours  we  note  that,  as  it  describes  an 
arc  of  15°  in  one  hour,  its  place,  referred  to  AB,  will  be  in  one  hour 
at  a  distance  from  A  equal  to  the  sine  of  15°  to  radius  i4^  ;  in  two  hours 
the  sine  of  30°  and  so  on.  And  its  place  referred  to  A  T71,  will  be  in  one 
hour  at  a  distance  from  the  axis-major  equal  to  the  cosine  of  15°  to  radius 
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A  Tn;  in  two  hours,  the  cosine  of  30  and  so  on.     Dividing  the  line  AB 
in   this   manner  in  the  points  a,  b,  c,  d,  and  laying  off  the  respective 
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cosines  to  radius  A  Tn  at  1,  2,  3,  4,  we  have  these  latter  points  as 
those  through  which  the  ellipse  passes,  or  the  path  of  Toronto  on  the 
disc  of  the  Earth  as  seen  from  the  star. 

We  may  now  note  the  symbols  in  common  use  to  designate  the 
quantities  we  have  so  far  considered  : — Astronomical  latitude,  (p ;  geo- 
centric latitude,  <p' ;  log.  radius  of  the  Earth,  fj  ;  the  line  AB  or  the  semi- 
axis-major,  p  cos  c>' ;  declination  of  the  star,  d ;  the  line  A  Tm,  that  is, 
the  sine  of  the  declination  to  radius  AB,  p  cos  <p'  sin  5 ;  the  hour-angle, 
h ;  the  co-ordinates  of  the  place  along  the  axis-major,  p  cos  ^'  sin  h  =  S ; 
along  the  axis-minor,  p  cos  ^'  sin  d  cos  h  =  rj ;  the  line  CA,  p  sin  (p'  cos  d. 

We  may  now  proceed  to  construct  the  diagram  illustrating  immersion 
and  emersion.  With  centre  C  and  radius  unity  (from  any  convenient 
scale)  describe  a  circle.     (The  centre  C  is  not  shown  in  the  diagram.) 

On  a  meridian  passing  through  it,  take 

CA  =  p  sin  tp'  cos  5  as  follows  : 

logp  9-9993104 
sin  t{>'  9-8375347 
cos  5   9-9529247 


9-7897698  =  log  "61626 


Take  AB  =  p  cos  <p' 


cos  (p'  9-8608117 
logp    9-9993104 


9 -8601221  -  log  -72464. 
It  will  be  observed  that  this  value  of  p  cos  ^'  is  constant  for  Toronto. 
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Take  AT  =  p  cos  <p'  sin  5 

p  cos  <p'  9-8601221 
sin  8  9  •644906(5 


9-r)050287  =  -31991. 

Referring  now  to  the  tables  of  the  Epheineris,  we  find  that  at  the  moment  of 
geocentric  conjunction  of  Moon  and  star,  the  Moon  is  1  -1630  North  of  the  star  (in 
terms  of  the  radius  unity  of  the  disc).  This  is  column  Y  of  the  tables,  positive 
towards  the  North,  negative  South.  Set  off  CM  =  Y  =  1-1630,  and  M  is  the 
Moon's  place  at  the  geocentric  conjunction. 

H.     M.        SEC. 

Washington  Mean  Time,  geocentric  conjiniction  8     30     18 

Toronto  difference    —  9     22 

Toronto  Mean  Time,  geocentric  conjunction  ...  8     20     56 

Correction  for  Sidereal  Time 1     22-28 

Sidereal  Time,  mean  noon,  July  23rd 8       6     39-42 

R.  A.  Meridian 16     28     57-7 

R.  A.  Antares 16    22    53-2 

Hour-angle  at  geocentric  conjunction 6    04-5 

This  means  that  at  the  moment  of  true  conjunction  in  R.  A.  of  star 
and  Moon,  Toronto  is  somewhere  between  T  and  B  East  of  the  meridian 
of  the  disc.  In  arc  6m.  4sec.  =  l**  31',  a  very  small  angle;  Toronto 
is,  therefore,  very  near  to  the  meridian.  Take  extent  -27227  in  the 
compass,  and  with  one  foot  at  M,  it  will  be  seen  that  T  is  well  within 
the  circle,  that  is  to  say,  the  immersion  has  already  occurred  as  the 
Moon's  motion  is  Eastward.  But  as  Toronto  is  at  this  moment  a  little 
East  of  the  meridian  while  the  Moon  is  upon  it,  it  is  evident  that  appar- 
ent conjunction  has  not  yet  occurred.  The  correction  to  be  applied  to 
determine  approximately  when  the  apparent  conjunction  occurs,  depends 
upon  the  excess  of  the  Moon's  houily  variation  Eastward  over  that  of 
the  place  in  the  same  direction.  If  we  call  this  excess  V,  then  V  is  to- 
the  distance  of  the  place  from  the  Moon  as  one  hour  is  to  the  correction. 
Tables  for  different  latitudes  and  hour-angles  compiled  by  Mr.  Dowues 
are  published  in  the  Ephemeris.  In  the  present  case,  the  correction  is 
very  small,  about  3  minutes,  and  we  assume,  therefore,  that  the  apparent 
conjunction  occurs  about  8h.  23m.  56secs.  When  the  hour-angle  is  large, 
the  parallax  of  the  Moon  throws  it  farther  from  the  meridian,  and  there 
may  be  quite  a  large  interval   between  apparent  and  true  conjunction. 
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Now,  the  duration  of  an  occultation  is  usually  about  an  hour,  and  we 
will,  therefore,  assume  that  immersion  occurs  about  30  minutes  before 
and  emersion  about  30  minutes  after  conjunction  in  R.  A.  "We  will 
then  have  for  immersion,  7h.  53m.  oGsecs.  and  for  emersion  8h.  53m. 
5Ssecs.,  and  will  proceed  to  iind  the  positions  of  the  Moon  and  the 
observer  for  these  times. 

M.         .-^EC. 

Hour-angle  at  true  conjunction -f       6       4 '5 

Add  3  mins.  iu  Sidereal  Time . .  3       0'4 

Hour-angle  at  apparent  conjunction +       9       4'9 

Deduct  30  mins.  in  Sidereal  Time —     30      4 '9 

Hour-angle  at  7h.  53m.  56secs —     21m. 

In  arc,  h  = —     5"  15', 

then  the  co-ordinate  of  the  observer  along  the  axis-major 

p  cos  <p'  9-8601-221 

sin  h      8  •9614288 

8-8215509  =  -06630  =  |, 
and  the  co-ordinate  along  the  meridian 

p  cos  (p  sin  S  9-5050287 
cos  h  9-99S1743 


9-5032030  =  -31857 
CA  +  -31857  =  -93483  =  t) . 
Take  Ad  =  -06630  =  | ;  dO  ^  -31857. 

Then  0  is  the  position  of  the  observer  at  Toronto.  To  find  the 
Moon's  place,  we  refer  to  the  tables  of  the  Ephemeris  for  the  values  of 
the  hourly  variation  Eastward,  which  is  -5325  =  x  and  Southward, 
which  is  -1232  =  y'  ;  x'  is  always  positive,  y'  is  positive  North,  negative 
South.  Then,  as  the  assumed  time  is  27  minutes  earlier  than  the 
time  of  geocentric  conjunction  for  which  x'  and  y'  are  given,  we  have 
t  =  27  mins.  tx  =  -2396  ;  ty'  =  -0554  ;  ty'  +  T  =  1  -2184  =  y  .  Take 
the  point  F  at  a  distance  -0554  North  of  J/ and  -2396  West.  Then  P  is 
the  Moon's  position  at  the  assumed  time.  Join  PO  and  complete  the 
triangle  i'ZO.  Then  ZO  =  a; —  ,-=  -17330.  PZ  =  y —  >;  =  -28357. 
If  now  the  hypothenuse  were  equal  to  the  Moon's  radius,  contact  would 
just  take  place.  We  should  have  -'/(x  —  ^  y  -j-  (y  —  r^  y  =  -27227. 
This  is  the  proof  position  for  the  immersion,  or  emersion,  and  if  it  is 
not  filled,  we  proceed  to  determine  the  direction  of  the  Moon's  path  and 
9 
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the  point  upon  it  that  is  distant  -^I'l'll  from  the  observer.  It  will  at 
once  occur  to  us  that  if  we  draw  the  Moon's  path  through  M  and  mark 
it  off  into  spaces,  and  also  mark  off  the  ellipse,  we  might,  by  trial  with 
the  compasses,  find  the  two  points,  one  on  the  line  and  one  on  the 
■ellipse,  marked  by  the  same  times  and  at  the  proof  distance  from  each 
other.  The  difficulty  will  be  in  marking  off  the  ellipse  ;  unless  the  scale 
be  very  lai-ge,  the  error  will  be  quite  appreciable.  A  graphic  solution, 
however,  quite  rigorous,  by  a  somewhat  different  construction  that  is 
here  given,  is  due  to  Mr.  W.  F.  King,  C.E.,  Government  Astronomer 
at  Ottawa,  a  distinguished  member  of  this  Society,  and  will  be  found  in 
the  transactions  of  The  Royal  Society  of  Canada,  1888.  To  proceed 
with  the  present  construction,  we  note  that  the  difference  between  the 
hourly  variations  of  the  Moon  and  the  observer  will  give  us  the  relative 
path  of  the  Moon,  the  point  0  being  considered  stationary.  The  hourly 
variation  of  the  co-ordinate  r  is  expressed  by  [9 -4 192]  p  cos  0  cos  h, 
the  quantity  in  brackets  being  the  logarithm  of  that  part  of  the  radius 
equal  to  an  ai-c  of  one  mean  solar  hour,  or  15"  2'  27". 

p  cos  <p'  9-8601221 
constant  9-4191561 
cos  h       9-9981743 


9-2774525  =  log  -18943  =  {' 
The  Iiourly  variation  of  t)  is  expressed  by  [9-4192]  |  sin  S 
constant  9-4191561 
log  I        8-8215=^09 
sin  S         9-6449066 


7-8856136  -  "00768  =  17' 

Then  the  relative  motion  of  the  Moon  in  one  hour  is  expressed  by 

x'  —  =  =  -5325  —  -18943  =  -34307,  and 
y'  —  r/  =  —  -1232  —  -00768  =  —  -13088. 

Take  PQ  =  -13088  ;  QN  =  -34307  :  join  PX ;  then  PN\s  the  relative 
path  of  the  Moon  in  one  hour.  From  0  draw  OE  at  right  angles  to 
PN.  With  radius  -27227  from  centi-e  0  describe  an  arc  cutting  PN  in 
F.  Then  F  is  the  position  of  the  Moon's  centre  when  0  disappears,  or 
to  the  real  observer,  the  position  at  the  immersion  of  the  star.  The 
line  PF  expressed  in  time  as  compared  with  PN  which  equals  60  mins. 
will  give  the  time  of  immersion.     The  usual  notation  for  the  figure  thus 
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constructed  is  :    angle  Z/'O  =  M  ;    LPN  =  N  :    OPN  =  (.1/  -  X)  ; 
OFN  =  il'  ;  line  PO  =  m;  PN  =  n;OF  =  k  the  Moon's  radius. 


Then*        ^    - 

:  sin  M,  X 

-  f 

=  m  sin  M 

m 

and  similarly 

y 

■n 

=  III  cos  M 

x 

-  t 

^  n  sin  ^ 

ll' 

-  ri 

=   «  cos  N . 

To  compute  the  sides  and  angles  we  have 
log  m  sin  i¥  =:  9-2387986 
log  m  cos  3/  =  9-4526603 


log  II  sin  N  =    9-5353827 

log/,  cos  .V=     9-1168733 


tan  .V       9-7861383 

.1/  =  3r  25'  51" 

log  cos  J/   9-9310865 

log  m  9-5215735 
(J/  -  .Y)  =  37  51' 15" 


tan  .Y  10-4185094 

X  ^  m"   7   6" 

log  cos  N  =  9-5519853 

log  n  Tr.  9-5648880 

log  60=  1-7781513 


loij 


=  1-7348368 


log?i'  =    7-7867367 

=  variation  in  one  minute. 


OE      .  ^        OE 

Then  to   compute  angle  ^  --    OFE  we   have  sin  if  ~  'jr  •  sin  ( 3/  -  .\  )  - 

//( 
OE  ^  m  sin  (  M    -  ,Y)  ;  sin  ^  =  -j.   sin  (  .1/  -  X'\  :  h  l.ting  -272-27 

oomp.  log.  K       0' 5650002 
log  m  9-5215738 

sin(J/  — .V)     9-7862930 


sin  ^ 

9-8728670 

'/' 

=  48'  15'  51" 

PE 

To  determine  PE  we  have  =  cos  (M  —  -Y  )  ;  PE  =  m  cos  (M  —  N )  or 

m 

m 
expressed  in  time  PE  ~  — —  cos  [M  —  X) 

co&(M—X)       9  8983744 

VI 

log  -  ,  1  -7348368 


PE  ^  1-6332112  =  42 -97m. 
If  now  we  deduct  FE  expi-essed  in  time  we  have  the  final  correction 
PF  to  be  added  to  the  assumed  time. 
FE 


=  cos  yp  ;  FE  K  cos  if-  or  in  time 

log  »c  9-4349998 

comp.  log  11'       1-2132633 
cos  41  9-8'2,32767 


cos  >f 


FE  ^   1-4715398  -  29 -61m. 
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Then  PE  -  FE  -  13-36m.  =  13m.  21sec. 

Add  assumed  time  7     53      56 


Mean  time  of  immersion  8h.  07m.  17sec. 

Add  17      34 


Standard  time  of  immersion        8h.  24m.  olsec. 

And  the  position-angle  at  immersion,  measuring  from  the  North-point, 
is  evidently  the  supplement  of  the  angle  iV^  added  to  <!•  or 

180  —  69°  7'  6"  +  48°  15'  51"  =  159°  8'  45". 
To  compute  the  time  of  emersion,  having  assumed  33  minutes  later  than 
conjunction,  we  have 

M.       SEC. 

Hour-angle  at  conjunction  6     4"5 

33  mins.  in  Sidereal  Time  33    5 '4 


h  ^        39    9-9 
in  arc  /i  =  9^  47"  28" 
Then  p  cos  <p'  sin  h  -^  '12323    =  | 
CA  +  [p  cos  (p'  sin  5  cos  A    =  "31525]  =  -93151  =  -n  . 

Take  0',  the  point  whose  co-ordinates  are  c  and  r,  ;  t  =  33"',  tx  = 
•2928  =  x;  Y  —  ty  =  1-0953  =  y ;  (9-4192)  p  cos  <p'  cos  A  =  -18746 
=  r  ;  (9-4192)  ?  sin  d  =  -01428  =  r/.     We  have  thus 

X    -  I  =  O'L'  =  -16955;  y   -  v  =  L'F  =  -16379 
a:'  -  I'  =  ^'^V  =  -34504 ;  y'  -  ?,'  =  P'Q'  =  -10892. 

Take  O'E'  perpendicular  to  n ;  take  O'F'  =   -27227,  and  solving  the 
triangles  we  shall  have 

M. 

m 

—rcos{M  +  N)  -  18-61 

and  —rco&yli  =  -29-28 

and  the  correction  to  the  assumed  time  or  F'F'  ^  10m.  38sec.  ;  Eastern 
Standard  Time  of  emersion,  9h.  22m.  8sec. ;  angle  of  contact,  137°  57'  20". 

Though  the  hour  was  somewhat  late,  the  Society  listened  with 
pleasure  to  a  brief,  but  highly  interesting  description  of  the  Yerkes' 
Telescope,  written  by  Professor  Barnard,  and  read  by  Dr.  Smith,  the 
Chairman. 
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FOURTEENTH  ^SrEETING. 

July  25th  ;  Dr.  Larratt  W.  Smith,  Q.C.,  in  the  chair.  Mr.  W.  L. 
Dobbin,  of  Scottsville,  N.Y.,  was  elected  an  Associate-Member,  and 
Miss  Dupont,  of  Toronto,  an  Active  Member. 

A  communication  was  received  from  Professor  W.W.  Payne,  of  North- 
lield,  Minnesota,  intimating  that  the  first  number  of  Popular  Astronomy 
would  appear  in  September.  It  was  announced  by  Mr.  T.  Lindsay  that 
the  Society  was  especially  indebted  to  Mr.  Payne,  and  also  to  Professor 
E.  C.  Pickering,  of  Harvard  College  Observatory,  for  their  courteous 
consideration  in  acceding  to  requests  for  and  promptly  sending  the  ele- 
ments of  Rordame's  Comet,  with  an  ephemeris,  to  the  middle  of  August. 
Mr.  J .  R.  Connon,  of  Elora,  sent  in  several  photographs  of  the  comet 
and  drawings  of  the  aurora  of  15th  of  July.  Most  interesting  reports 
were  received  from  Mr.  A.  Elvins  and  Mr.  A.  F.  Miller.  Mr.  Elvins 
had  several  drawings  of  the  comet  made  at  a  three-inch  telescope,  and 
reproducing  the  various  changes  of  appearance  it  had  undergone.  Mr. 
Miller  described  at  some  length  his  spectroscopic  observations.  The 
spectrum  showed  the  well-known  three  bright  bands  of  the  hydro-carbon 
comet,  the  middle  band  V^eing  the  briglitest.  From  a  careful  consider- 
ation of  its  appearance,  he  had  arrived  at  the  conclusion  that  the  tem- 
perature of  the  comet  was  about  equal  to  that  of  the  spirit-lamp  flame. 
He  had  noticed  with  much  interest  the  occultation  of  a  star  by  the  coma 
of  the  comet  on  July  21st.  Mr.  Arthur  Harvey  said  that  he  had  been 
fortunate  in  seeing  the  comet  clearly  several  times.  It  had  a  perceptible 
tail  at  first,  as  shown  in  the  diagram  he  submitted,  but  on  the  21st  and 
22nd  of  July  he  could  distinguish  none.  On  the  20th  he  still  could 
define  it,  and  saw  through  it  some  telescopic  stars,  undimmed  and  as 
sharply  as  if  there  were  no  comet  between  them  and  the  eye.  On  the 
22nd  there  was  a  seventh  magnitude  star,  he  thought,  in  close  proximity 
to  it,  and  there  was  much  beauty  in  the  view.  Indeed,  in  his  three-inch 
telescope,  it  was  always  an  attractive  object ;  its  mild  glow  was  that  of 
a  bottle  of  fireflies  seen  through  a  mist. 

Commander  W.  A.  Ashe,  of  Quebec,  wrote  to  the  Society  in  refer- 
ence to  the  recently-discussed  theories,  including  that  of  Dr.  M.  A. 
Veeder,  accounting  for  auroral  disi)lays,  and  forwarded  several  copies  of 
Science,  containing  controversial  articles  by  him   on  the  subject.     He 
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considered  that  the  co-incidence  of  solar  rotation  and  tlie  appearance  of 
the  aurora  had  not  been  established. 

The  reports  made  of  observations  indicated  that  the  occultation  of 
Antares  on  the  23rd  of  July  had  awakened  widesjjread  interest  among 
amateurs,  and  that  it  had  been  successfully  observed  by  members  of  the 
Society  in  Toronto  and  elsewhere  in  Canada.  At  the  instance  of  the 
Society,  a  delegation  attended  at  the  Toronto  Observatory,  where  Mr.  E. 
F.  Stupart,  of  the  Meteorological  Service,  put  in  readiness  the  6-inch 
Cooke  equatorial  of  the  Observatory.  Electric  connection  having  been 
made  between  the  telescope  and  the  chronograph  in  the  Transit  Room, 
the  times  of  contact  were  taken  with  extreme  care.  Mr.  James 
Todhunter  noted  the  instant  of  the  star's  disappearance,  while  Mr.  W. 
Mitchell  watched  a  second  chronometer,  close  at  hand,  to  make  doubly 
sure  of  the  time.  The  immersion  was  observed  at  8h.  24m.  55s.,  and 
the  re-appearance  at  9h.  22m.  Dr.  J.  C.  Donaldson,  of  Fergus,  gave  an 
interesting  account  of  his  observations  of  the  occultation,  he  having 
used  a  sufficiently  high  power  to  show  the  companion  star  to  Antares. 
Dr.  J.  J.  Wadsworth,  of  Simcoe,  had  also  carefully  watched  the  pheno- 
menon, and  made  the  time  of  immersion  8h.  24m.  10s.  There  was  a 
slight  difference  between  the  times  recorded  by  observers  in  different 
parts  of  the  city.  Dr.  Smith,  and  Messrs.  Arthur  Harvey,  G.  E. 
Lumsden,  and  A.  F.  Miller,  in  the  East,  had  not  observed  disappearance 
at  the  i)recise  moment  of  the  Observatory  record,  nor  had  Mr.  J.  A. 
Paterson  and  Dr.  Watson  in  the  West. 

Mr.  A.  F.  Miller  read  the  following  interesting  note  on 

THE    SPECTRUM    OF    THE    LIGHT    EMITTED    BY    INSECTS. 

Through  the  kindness  of  Mr.  Lumsden,  who  gave  nie  two  speci- 
mens of  the  small  luminous  beetle  (Photinus  corruscus)  common  in 
many  parts  of  the  country  during  the  summer,  I  had  an  oppor- 
tunity of  examining  this  light  spectroscopically  on  the  nights  of  July 
18th  and  19th.  The  light  emitted  by  the  specimens  I  examined 
appeared  to  be  of  two  different  kinds,  which  I  distinguished  in  my  notes 
as  "  the  steady  light"  and  "  the  flash,"  or  transient  light.  The  "steady 
light "  was  emitted  I'rom  the  lower  portion  of  the  insect's  abdomen 
pretty  constantly,  though  not  at  all  times.  It  was  of  a  pale  greenish 
tint,  like  that  of  phosphorus  or  a  phosphorescent  substance.  It  gave  a 
pale,  l)ut  still  quite  distinct,  spectrum,  consisting  of  a  wide  green  band 
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situate  between  I  5160  and  5805  apin-oximatelj.  "The  flash"  was 
emitted  for  only  a  brief  portion  of  time,  generally  about  a  quarter  of  a 
second,  though  sometimes  the  insect  emitted  several  in  quick  succession. 
The  source  of  the  light  is  in  the  same  region  of  the  abdomen,  but  the 
luminous  intensity  is  much  greater  than  in  the  former  case,  the  brightness 
Ijeing  almost  dazzling  to  a  sensitive  eye  when  the  pupil  is  widely 
dilated  in  a  darkened  room.  The  color  of  the  flash  is  a  beautiful  pale 
green,  having  a  vividness  suggestive  of  the  small  arc  formed  between 
brass  terminals  arranged  as  a  spark-gap  with  a  current  of  small  quantity, 
but  considerable  intensity.  To  some  eyes  a  redness  is  perceptible,  due, 
perhaps,  to  the  efiect  of  contrast.  The  spectrum  of  the  flash  is  })erfectly 
continuous  through  the  region  it  occupies,  i.e.,  from  about  /  5000  to 
about  /.  6605.  Commencing  in  the  bright  red,  we  see  in  succession 
red,  scarlet,  orange,  yellow,  yellow-green,  green,  and  possibly  a  very 
little  blue-green.  The  specimens  I  examined  did  not  seem  to  give  any 
emission  of  blue  or  violet  light,  though  tliere  might  have  been  faint 
radiations  in  this  region  imperceptible  to  the  eye  through  the  sudden 
character  of  the  flash,  and  the  overpowering  preponderance  of  the  less 
refrangible  waves.  This  absence  of  blue  readily  accounts  for  the 
greenish  tinge  which  the  eye  notices  in  the  undivided  rays,  and  I  am 
not  prepared  to  assert  positively  that  the  yellow  and  green  regions  are 
of  greater  relative  intensity  than  the  red,  as  compared  with  the  emission 
spectrum  of  any  luminous  source  capable  of  emitting  rays  mainly  situate 
in  the  particular  regions  occupied  by  those  under  consideration.  T  must 
add,  though,  that  my  interest  and  attention  being  specially  flxed  upon 
the  red  region,  I  perhaps  unduly  accentuated  its  intensity  and  impor- 
tance. It  is  quite  plain  that  the  Avhole  energy  devoted  by  the  insects 
to  light-production  is  expended  in  originating  these  rays  Avhich  })Ower- 
fully  atfect  the  visual  oi'gans.  I  am  under  the  impression,  however, 
that  a  certain  small  portion  of  heat  rays  must  be  formed  at  the  same 
time,  though  probably  little  or  no  dark  heat.  I  do  not  regard  this 
conclusion  as  incompatible  with  physiological  conditions,  or  the  non- 
perception  of  any  sensible  heat.  Owing  to  the  loss  of  vitality  naturally 
resulting  from  their  captivity,  it  was  difficult  to  obtain  enough  light 
from  the  insects  to  give  a  clear  spectrum  in  an  instrument  of  some  power 
adapted  to  measurements,  and  the  transient  nature  of  the  emissions  also 
greatly  increased  the  difliculty  of  the  experiments.  I  therefore  wish 
the  above-mentioned  extremes  to  be  taken  as  approximate  positions  only. 
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thougli  I  think  the  space  between  them  represents  quite  well  that  in 
which  the  light  radiations  are  contained.  Some  very  interesting  points 
suggest  themselves  in  connection  with  a  research  of  this  character  ;  for 
when  we  reflect  upon  the  wide  distribution,  and  the  abundance  of  insects 
gifted  with  luminosity,  it  can  hardly  be  doubted  that  very  simple  means 
suffice  for  the  production  of  a  selective  radiation  the  equivalent  of  which 
we  can  hardly  obtain  except  by  complicated  operations,  or  methods 
obviously  in  no  way  similar  to  those  by  which  the  insects  originate 
lifht.  There  seems  here  an  admirable  opportunity  for  the  microscopist, 
and  it  would  also  be  of  interest  to  test  the  action  of  this  peculiar  light 
upon  the  dry  plate. 

Reports  of  the  recent  auroral  displays  were  so  numerous  that  it  was 
decided  to  devote  the  next  meeting  to  their  consideration,  and  the  paper  of 
the  evening,  by  Mr.  Andrew  Elvins,  a  continuation  of  his  former  essay 
on 

MOVIXG    MATTER    IV  :    SOLAR    HEAT, 

was  read. 

Mr.  Elvins  said  : — I  presume  that  those  of  you  who  read  my  paper 
on  Gravity  in  our  Transactions  of  1891,  page  28,  and  heard  the  first 
part  of  this  paper  on  Solar  Heat,  will  be  somewhat  prepared  for  the 
views  to  which  I  invite  your  attention. 

You  are  aware  that  to  account  for  the  transmission  of  energy  through 
space,  physicists  have  agreed  that  a  subtle,  or  rare,  substance  occupies 
every  part  of  the  imiverse.  Some  speak  of  it  as  an  infinitely  elastic 
fluid  ;  it  is  said  to  be  more  "  rigid  than  steel,"  and  yet  of  a  consistency 
resembling  jelly.  That  a  continuous  substance  as  rigid  as  steel  could 
permit  the  planets  and  comets  to  pass  through  it,  without  retarda- 
tion, is  to  me  inconceivable  ;  I  regard  it  as  quite  probable  that  the 
ether  is  simply  the  uUimate  particles  which  exist  in  space  and  move 
ill  free  paths  ;  of  which  are  composed  masses  of  matter,  as  the  Kinetic 
Theory  of  Gases  supposes  the  molecules  of  gases  to  exist  and  move.  Let 
us  suppose  this  to  be  the  nature  of  the  ether  of  space,  and  endeavour 
to  follow  it  in  some  of  the  changes  it  will  undergo.  First,  I  would 
notice  the  fact  that  these  moving  atoms  would  be  constantly  colliding 
with  each  other ;  that  they  could  lose  none  of  their  motion,  and 
that  when  they  met  centre  to  centre  they  would  rebound  ;  while,  if 
they  collided  at  any  other  angle  than  that  of  the  line  uniting  the  cen- 
tres of  both,   they  would   be    turned  around  on  an  axis  passing  through 
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■each  of  them.  The  motion  of  rotation  thus  brought  into  existence  must 
be  lost  to  translation  ;  several  collisions,  indeed,  might  so  diminish 
tlie  translation  as  to  bring  two  or  more  atoms  nearer  each  other  than 
they  would  have  been  but  for  their  rotation,  or  but  for  the  loss  of  trans- 
lation, which  has  been  changed  to  rotation.  This  would  be  a  com- 
mencement of  aggregation  ;  it  may  be  that  the  atoms  of  such  a  molecule 
may  be  brought  still  nearer  each  other  by  the  impact  of  the  ether  atoms, 
which  may  carry  into  space  some  of  the  remaining  translatory  motion, 
and  that  they  thus  remain  in  each  other's  companionship  for  the  future. 
Two  such  atoms  may  constitute  a  chemical  molecule  or  element ;  three 
may  constitute  some  other  ;  four,  still  a  thii-d,  and  so  on.  Those  gravi- 
tating toward  each  other  would  become  small  masses  ;  these  would  unite 
and  form  larger  ones,  after  which  the  masses  themselves  would  move 
from  the  place  in  which  they  were  formed  and  gravitate  toward  the 
solar  system.  It  is  interesting  to  notice  how  sucli  masses  would  act 
when  approaching  the  Sun.  Those  nearest  that  luminary  would  move  a 
little  faster  than  those  more  remote,  the  whole  mass  becoming  an  elon- 
gated swarm,  which  would  move  straight  into  the  Sun,  if  the  Sun  were 
stationary — but,  as  we  know,  tlie  Sun  moves.  The  solar-system  passes 
onward  through  space,  probably  in  some  mighty  orbit.  As  it  advances 
in  its  path,  the  direction  of  the  incoming  meteors  must  be  continually 
changing.  The  straight  line  along  which  they  moved  when  the  mass 
was  at  A  and  the  Sun  at  1,  cannot  longer  be  followed  when  the  mass  is 
at  B  and  the  Sun  at  2.  This  shows  the  course  the  meteors  would 
follow,  for  they  must  sweep  around  the  Sun  in  a  hyperbola,  and 
rush  off  again  into  space.  From  the  Earth,  such  a  swarm  would  be  seen 
as  a  comet,  which,  if  not  retarded  in  its  flight,  would  never  return. 
Sometimes,  however,  in  their  outward  flight,  such  swarms  pass  very 
near  some  one  of  the  planets,  and,  being  retarded,  turn  into  a  new  orbit, 
in  some  cases  forming  ellipses  and  remaining  permanent  members  of  the 
solar  system.  Following  this  line  of  thought,  it  is  easy  to  understand 
why  comets  and  meteors  come  from  all  directions  in  space.  But  I  want 
to  show  clearly  why  such  swarms  must  move  in  difierent  directions,  some 
direct,  others  retrograde,  and  see  what  must  be  the  result. 

If  the  Sun  be  revolving  around  some  very  distant  centre,  its  orbit 
must  lie  in  some  plane.  Let  us  think  and  speak  of  space  on  the  one 
side  of  this  plane  as  above,  and  on  the  other  side,  as  below.  As  the  Sun 
moves  in  an  immense  orbit  around  this  distant  centre,  we  shall  speak  of 

10 
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that  part  of  space  between  the  orbit  and  the  centre  as  the  inside,  and  of 
that  on  the  other  side  of  the  orbit,  as  the  outside.  Suppose  a  swarm  of 
meteors  to  approach  the  >Sun  from  any  point  outside  the  orbit  ;  it  is  clear 
that  they  will  move  in  one  direction,  say,  retrograde,  and  that  meteors 
from  the  inside  of  the  orbit  will  take  up  a  direct  motion.  You  will 
notice  that  meteoric  orbits  crowd  together  near  the  Sun.  Now,  as  there 
are  many  millions  of  meteors  in  each  swarm,  and  as  the  swarms  move  in 
opposite  directions,  collisions  must  be  frequent.  Meteorites  will  be  shat- 
tered, their  translation  as  masses  will  be  largely  stopped,  any  remaining 
motion  being  the  motion  of  the  molecules  in  the  meteors.  This  mole- 
cular jnotion  is  simply  heat,  and  it  may  be  that  it  is  sufficient  to  turn  a 
large  part  of  the  meteoric  masses  into  ga.s.  As  the  colliding  masses  lose 
their  momentum,  they  gravitate  sunward,  and,  of  course,  fall  into  the 
Sun.  Hence,  the  motion  of  the  two  masses  becomes  motion  of  mole 
cules  in  the  Sun.      This  motion  is  Heat. 

But  there  is  another  means  by  which  incoming  meteoric  masses  will 
be  projected  upon  the  Sun.  The  action  of  the  planets  on  incoming 
meteors  must  sometimes  be  such  as  to  change  both  the  rate  of  the 
meteors'  motion  and  the  direction  in  which  they  move.  As  an  example, 
let  us  select  one  of  the  best  known  meteoric  streams,  that  through  which 
the  Earth  passes  on  the  12th  and  13th  of  November.  The  period  in 
which  this  stream  passes  around  the  Sun  is  about  thirty-three  years.  Its 
perihelion  is  within  the  Earth's  orbit,  and  its  aphelion  a  little  beyond 
the  orbit  of  Uranus.  Now,  when  this  swaimi  has  passed  its  aphelion, 
and  is  again  moving  sunward,  it  nmst  cross  the  orbits  of  Saturn,  Jupiter, . 
and  Mars  ;  if  it  happen  that  any  one  of  these  planets  is  a  little  inside 
the  meteor  track,  or  orbit ;  it  will  draw  the  swarm  somewhat  inside  the 
path  in  which  it  would  have  otherwise  moved.  The  effect  of  this  would 
be  to  scatter  the  members  of  the  swarm  more  or  less.  If  the  planets  were 
so  situated  as  to  cause  the  meteors  in  their  flight  to  be  scattered  widely — 
some  being  diverted  by  one  planet  and  some  by  another  planet — some 
would  pass  nearer  each  planet,  some  more  distant ;  some  would  have 
their  path  changed  but  little,  others  a  great  deal.  Amongst  the  many 
millions  thus  disturbed,  many  must  fall  on  the  Sun.  The  greater  por- 
tion or  part  of  the  meteors  of  such  a  swarm  would,  probably,  be  very 
small  in  size,  but  their  velocity  would  be  very  great,  so  that  the  arresting 
of  their  motion  of  translation  when  they  fell  on  the  Sun  would  cause 
molecular  motion,  ivhich  is  Heat. 
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Gravitation,  then,  as  I  understand  it,  is  tbe  impact  of  ether  atoms 
all  around  the  Sun's  mass  ;  the  fall  of  meteoric  matter  into  the  Sun  is 
the  factor,  and,  I  think,  a  sufficient  factor  to  sustain  the  Sun's  heat 
indefinitely,  and  that,  too,  notwithstanding  the  iact  thnt  the  Sun  is  con- 
stantly radiating  heat.  No  contraction  (which  is  a  result  of  cooling)  may 
take  place  in  the  Sun  at  all.  That  some  natural  force  exists  in  the  uni- 
verse, and  changes  the  Sun  and  star  systems  itgain  into  ether,  I  have  no 
doubt ;  but  I  cannot  try  to  show  what  this  force  may  be,  at  least  to- 
night. I  ho[)e  some  one  will  do  this  when  I  am  gone ;  better  still  if 
they  do  so  before  that  time  arrives.  I  subjoin  the  following  extract, 
page  376  of  Proctor's  last  work,  Old  and  New  Astronomy,  published 
and  edited  by  Mr.  J.  Cowper  Ranyard  :  —  "On  the  whole,  the  evidence 
given  by  spectroscopic  analysis  of  sun-spots  appears  to  confirm  the  theory 
that  dissociation  by  intense  heat  might  resolve  the  so-called  elements  into 
more  elemental  forms  ^ 

A  short  discussion,  in  which  Mr.  G.  G.  Piirsey  and  iNIr.  Phillips  took 
part,  concluded  a  most  interesting  meeting. 


FIFTEENTH  :MEETING. 

August  8th  :  Dr.  Larratt  W.  Smith,  Q.C.,  Yice-President,  in  the 
chair.  Messrs.  A.  J.  Pattison  and  John  Webber,  of  Toronto,  were 
elected  Active  Members,  and  Dr.  J.  J.  Wadsworth,  of  Simcoe,  and  Mr. 
Charles  Clarke,  of  London,  were  elected  Associate-Members  of  the 
Society. 

The  Committee  having  charge  of  the  matter,  reported  that,  agreeably 
with  the  powers  conferred  upon  it,  it  had  accepted  the  terms  offered  by 
the  Lady  Managers  of  the  Y.  W.  C.  Guild,  with  respect  to  rooms  for 
the  meetings,  the  library  and  apparatus  of  the  Society.  The  action  of 
the  Committee  was  formally  approved. 

The  communications  lead  included  applications  from  several  parts  of 
the  Province  for  information  concerning  the  Society,  and  a  letter  from 
Mr.  W.  D.  Barbour,  of  The  Leeds  Astronomical  Society,  conveying 
thanks  for  Annual  Reports. 

Under  the  head  of  observations,  a  letter  was  read  from  Mr.  David 
E.  Hadden,  of  Alta,  Iowa,  an  Associate-Member,  who  sent  in  diagrams 
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Ulustrating  the  path  of  Rordame's  Comet,  and  a  sketch  of  the  comet 
itself  at  10  p.m.  (Central  Time),  July  9th  ;  also  a  representation  of  a 
spectroscopic  apparatus  of  his  own  device,  to  be  attached  to  his  telescope. 
Mr.  Hadden  enclosed  a  transcript  from  his  Observing  Note-book,  from 
July  7th  to  August  3rd,  from  which  it  appeared  that  he  saw  Rordame's 
Comet  at  9.30  o'clock  on  tlie  night  of  the  7th  of  July,  at  least  one  day 
before  it  was  discovered  by  Rordame.  Mr.  Hadden  saw  the  comet  as  a 
liazy  star  without  a  tail,  but  its  true  nature  not  being  suspected,  he  did 
not  examine  it  with  a  telescojje.  His  letter  also  dealt  with  the  astrono- 
mical exhibits  at  Chicago  and  other  interesting  mattei-s.  Mr.  Andrew 
Elvins  made  a  report  upon  sun-spots,  giving  particular  attention  to  the 
Great  Spot  of  August,  1893.  Owing  to  cloudy  weather,  he  was  not  quite 
certain  when  this  spot  appeared,  but  he  thought  it  broke  out  on  the  side 
nearest  to  the  Earth  on  the  2nd  of  August.  With  his  report,  Mr. 
Elvins  handed  in  a  series  of  drawings.  Mr.  A.  E.  Miller  spoke  of  the 
great  activity  disj)layed  in  all  parts  of  the  spot,  which  had  been  easily 
visible  to  the  naked  eye,  and  dwelt  upon  the  exceeding  beauty  of  por- 
tions of  the  penumbrce.  Accurate  measui-es  with  the  filar  mici-ometer 
gave  the  spot  a  length  of  92,000  miles,  and  a  breadth  of  52,000  miles, 
<limensions  far  exceeding  those  of  the  Great  Spot  of  Eebruary,  1892,  up 
to  that  time  the  largest  one  which  had  appeared  during  the  prevailing 
sun-spot  maximum.  Solar  observations  were  also  made  by  Mr.  Arthur 
Harvey  and  Dr.  J.  C.  Donaldson,  of  Eergus,  both  of  whom  agreed  that 
they  had  never  seen  so  many  spots  as  had  been  visible  lately;  Mr. 
Harvey  said  he  had  counted  as  many  as  forty-two  at  one  time.  Mr. 
Miller  drew  attention  to  the  similarity  in  some  respects  between  the 
Great  Spot  of  Eebruary,  1892,  and  that  of  August,  1893.  With  the  first 
there  appeared  the  famous  rose  aurora  of  Eebruary  13th,  and  with  the 
second  the  notable  aurora  of  the  6th  of  August.  With  both  there  had 
been  a  low  barometer  and  electrical  and  atmospherical  disturbances. 
He  also  presented  a  pliotograph  of  tliat  portion  of  the  solar  spectrum 
between  G  and  H^  and  H^ .  Interesting  observations  upon  Jupiter,  the 
aurora  of  the  6th  of  August,  and  some  double-stars  were  also  made  by 
]Mr.  Harvey,  Dr.  Donaldson,  and  others. 

THE    AURORA    OF    JULY    15tH,    1893 — ITS    PARALLAX. 

According  to  appointment,  the  evening  was  devoted  to  a  discussion 
of  the  widely  observed  aurora  of  the  16th  of  July,  1893.  A  series  of 
short  papers  were  read. 


The  Astronomical  and  Physical  Society  0/  Toronto.  IT 

The  first  was  contributed  b\'  Mr.  Arthur  Harvey,  who  read  the 
following  paragrapli  from  a  Toronto  paper:  "The  auroral  display,  on 
Saturday  night,  was  one  of  the  most  magnificent  ever  witnessed.  It 
began  about  8.30  and  increased  in  brilliancy  up  to  9.40,  when  a  great 
white-coloured  arch  formed  across  the  zenith  of  the  Heavens  clear  from 
the  North-western  to  the  South-eastern  horizons.  Accompanying  this^ 
beautiful  arch,  was  a  gorgeous  display  of  auroral  streamers  in  the  North 
North-west  and  North-east,  which  radiated  from  the  Heavenly  zenith, 
and  were  variegated  towards  the  Northern  horizon  by  prismatic  colours,. 
green  and  purple  seeming  to  be  predominant.  The  beautiful  white  arch 
moved  bodily  Southward  from  the  zenith  and  began  to  wave  and  roll 
until  at  10.30  it  started  to  dissolve,  and  shortly  afterwards  disappeared 
altogether.  The  Northern  Lights,  however,  kept  their  brightness  nearly 
all  night."  Mr.  Harvey  then  continued  as  follows  : — Duriog  this  aurora, 
which  commenced  at  sundown,  an  arch  of  auroral  light,  about  10  o'clock,, 
rolled  up  out  of  the  North  and  passed  the  zenith,  spanning  the  sky  from 
East  to  West.  It  was  of  a  yellowish  cast :  I  noticed  no  rose  or  green 
tints.  Its  width  was  fairly  uniform,  from  5°  to  7^  After  lasting  for 
several  minutes,  its  continuity  broke  up  in  the  East,  it  wavered  at  the 
zenith,  and  soon  disintegrated.  A  beautiful  feature  was  a  fringe  of 
auroral  clouds,  on  the  North  side  of  the  arch,  very  luminous  and  tieecy, 
for  20  to  30  degrees  along  its  length ;  first  on  one  side  of  the  zenith,  then 
on  the  other.  I  read  in  a  newspaper,  over  the  signature  "Moses  Oates," 
a  reference  to  these  clouds,  and  the  idea  was  expressed  that  they  were 
streamers  of  the  usual  kind,  shooting  from  the  arch  towards  the  sky, 
but  that  as  in  this  case  the  arch  was  overhead,  not  near  the  horizon,  we 
saw  the  base  of  them  only.  At  about  midnight,  the  auroral  disturbance, 
which  had  not  finished  with  the  vanishing  of  the  arch,  was  again  in  full 
play.  I  went  into  the  open  meadow,  behind  my  house,  and  saw  the 
upwai'd  swishing  impulses  all  about  me.  I  could  not  perceive  any  light 
between  me  and  the  house  or  fences,  30  to  40  feet  away,  but  I  am  per- 
suaded it  was  there  also,  and  I  saw  it  up-rushing  from  the  meadows  and 
fields  North,  East  and  West.  The  streamers  came  from  the  Earth 
under  ray  feet  and  the  air  around  me.  The  zenith  was  the  point  they 
shot  at,  and  very  few  came  from  the  Southern  half  of  the  horizon — or 
the  Southern  half  of  the  celestial  hemisphere.  I  watched  them  for  an 
hour.  The  same  aljsence  of  rose  and  green  was  remarkable.  From 
the  observations  made  by    Mr,    G.    E.    Lumsden  and  myself,    I    have 
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made  some  calculations  of  interest.  It  is  to  be  regretted  that  the 
■observations  were  not  aided  by  instruments,  so  as  to  be  accurate  beyond 
a  perad venture,  but  this  often  happens  in  the  case  of  auroral  views. 
The  arch  described  in  the  preceding  paragraph  was  stationary  for  some 
minutes  before  its  disappearance.  Mr.  Lumsden  saw  it  break  up  and 
vanish,  as  I  did.  He  was  at  Bala,  1 10  miles  North  of  Toronto  (measured 
by  map),  and  saw  the  arch,  as  it  were,  projected  across  Constellation 
Aquila,  at  a  point  some  Hve  degrees  north  of  the  celestial  equator ;  in 
other  words,  at  Bala  the  arch  vanished  50°  above  the  Southern  horizon, 
or  40"  South  of  the  zenith.  At  Toronto,  I  saw  the  same  arch  at  the 
same  time,  lying  as  it  were  across  Constellation  Lyra,  at  a  point,  as  I 
estimate  it,  from  8°  to  lO''  South  of  the  zenith.  Supposing  lO'*  to  be 
correct,  the  perpendicular  height  of  the  arch  was  166  miles;  if  8*^,  157 
miles.  Taking  the  former  figures,  the  breadth  of  the  arch  overhead  was 
15  miles  ;  or,  including  the  cloudlets  described,  20  to  2.5  miles.  The  ends 
of  the  arch,  if  it  maintained  an  equal  height  above  the  Earth,  would  be 
1,150  miles  away,  so  that  the  magnificent  vision  was  presented  of  an 
auroral  belt  in  the  sky  2,300  miles  between  its  visible  ends.  It  literally 
spanned  the  heavens  from  the  Atlantic,  outside  Nova  Scotia,  to  the  head 
waters  of  the  Missouri,  in  the  Rockies,  and  beyond.  At  Washington, 
it  would  be  seen  nearly  40°  above  the  Northern  horizon.  The  parts 
near  the  horizon  would  be  much  broader  than  those  near  the  zenith,  and 
it  would  scarcely  be  seen  as  an  arch  more  than  a  couple  of  hundred 
miles  East  or  West  of  this  locality.  It  would  seem  that  the  aurora 
may  be  a  belt  of  molecular  or  magnetic  disturbance,  moving  from  the 
North  Southwards,  often  at  a  height  of  150  to  200  miles,  with  a 
breadth  of  15  to  20,  the  disturbance  pulsating  from  that  belt  into 
space.  It  appears  to  originate  at,  or  near,  the  magnetic  poles  and 
to  be  intimately  connected  with  magnetic  outbursts,  or  terrestrial 
magnetic  storms,  which  may  be  described  as  extensions  of  the  activity 
of  the  terrestrial  polar  magnetic  field.  Its  Southward  movement  is 
sometimes  between  a  few  meridians  only  and  sometimes  extends  over 
many,  even  on  opposite  sides  of  the  Earth.  It  appears  to  be  uncon- 
nected with  the  atmosphere,  or,  at  the  least,  to  display  itself  most 
frequently  at  a  height  where  the  air  is  so  rare  as  to  be  in  effect  a  vacuum. 
The  disturbance  usually  originates  in  far  Northern  latitudes,  though  in 
great  storms  it  is  possible  that  the  energy  may  be  re-inforced,  or  a 
•secondary  disturbance  induced,  even  as  far  South  as  the  latitude  of 
Toronto,  44°. 
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After  describing  a  peculiar  parhelion  and  a  mirage  seen  Ly  him  on  the 
12th  of  July,  Ml-.  John  A.  Copland  referred  at  length  to  the  aurora  of 
the  loth,  which  he  observed  all  night  long.  In  the  course  of  his  paper 
he  said  : — "  I  discerned  at  the  North  a  peculiar  greenness,  while  twi- 
light still  lingered  in  the  North-eastern  sky.  As  darkness  fell,  the  dis- 
play became  magnificent.  From  a  deep  green  arch  in  the  North  shot 
great  streamers,  sometimes  purple  at  the  base,  whose  flipping  peaks 
invariably  sought  the  zenith  of  the  Heavens.  About  9.40,  an  arch 
formed  across  the  sky  from  the  extreme  North-west  to  the  far  South- 
•ijast,  and  presented  a  most  brilliant  spectacle.  At  10.15,  while  my 
wife  and  I  were  watching  this  nebulous  arch,  a  meteor  shot  from  iieav 
the  '  Guardians  of  the  Pole,'  cutting  into  the  great  white  roll  in  close 
jiroximity  to  the  zenith.  The  meteor,  which  was  palpably  retarded  in 
its  course,  passed  through  the  diaphanous  formation,  and  left  an  in- 
tensely white  streak  through  the  arch  alone.  The  meteor  was  com- 
pletely absorbed  by  the  time  it  reached  the  South  side  of  the  arch,  just 
a  mere  spark  falling  toward  the  Earth.  A  peculiar  feature  which  I  was 
•careful  to  note  was  the  dissolving  and  wavy  motion  of  that  portion  of 
the  arch  at  the  meridian.  At  10.30  the  arch  began  to  dissipate,  the 
entire  curtain  moving  bodily  toward  the  South.  By  10.47  it  had  en- 
tirely disappeared.  But  the  streamers  radiating  toward  the  North, 
green  at  the  base  and  in  some  parts  purple,  continued  aud  were  more 
magnificent  than  ever.  The  maximum  of  brilliance  was  from  10.30 
p.m.  until  1.30  Sunday  morning,  when  there  was  a  diminution  for  about 
twenty  minutes.  Brilliance  and  wonderful  activity  in  the  shooting 
toward  the  zenith  was  resumed  at  1.50  a.m.,  and  continued  until  2.30. 
At  this  time  the  brightness  began  to  fade,  and  finally  died  away  in  the 
North  at  3.15  a.m.  on  the  16th,  just  before  day-break.  That  surplus 
•electricity  is  generated  during  these  displays  is  evident  fi-om  the  fact 
that  telegraph  wires  invariably  become  '  demoralized  '  on  a  night  of 
brilliant  aurorse,  as  we  on  the  .stafi'  of  The  Toronto  Globe  well  realize 
when  we  await  impor'-ant  press  despatches.  The  operator  in  our  office 
informs  me  that  on  some  of  these  magnetic  occasions  he  detaches  the 
battery  and  can  work  the  '  ticker '  with  the  electricity  of  the  atmos 
phere.     The  current,  however,  is  erratic." 

An  animated  description  of  the  aurora  was  also  received  from  Mr. 
J.  R.  Connon,  of  Elora,  who  sent  photographs  of  drawings  made  by  him 
to  show  several  phases  of  the  display  as  well  as  photographs  of  Rordame'.s 
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Comet,  of  which  lie  was  a  careful  observer.  In  his  paper,  Mr.  Connon 
baid  : — "The  arch  which  passed  overhead  was  about  ten  degrees  broad 
from  North  to  South  ;  its  Northern  side  was  a  little  to  the  South  of  Vega. 
Toward  the  West,  the  arch,  it  passed  between  Ai-cturus  and  the  handle 
of  the  Dipper.  At  times,  it  was  apparently  steady,  at  others,  moving 
clouds  of  light  passed  along  it  from  East  to  West,  like  scud  blown 
rapidly  by  the  wind.  In  the  course  of  ten  minutes,  streams  shot  out 
toward  the  North-east  and  began  to  swing  around  from  East  to  West 
on  the  Northern  edge  like  spokes  of  a  wheel  revolving  with  its  rim 
nearly  in  the  line  of  sight.  This  continued  for  about  fifteen  minutes, 
when  two  breaks  in  the  arch  were  noticed.  After  this,  bright  streamers 
appeared  and  commenced  to  wheel  around  on  the  South  side  of  the  arch. 
The  motion  of  the  auroral  light  from  East  to  West,  whether  going  straight 
along  the  arch  or  wheeling  around,  occupied  the  same  time,  say,  about 
ten  seconds.  As  the  rays  or  clouds  of  light  reached  the  Western  end  of 
the  arch,  they  moved  more  quickly.  I  have  heard  a  sound  produced  by 
auroras,  but  none  this  time,  although  I  listened  for  it  carefully,  and  there 
were  no  other  sounds  to  prevent  it  being  heard.  My  explanation  of  the 
peculiar  appearances  noticed  during  the  display  of  July  16th,  1892,  was,, 
that  there  seemed  to  be  something  coming  through  the  Earth  and  spring- 
ing upwards  like  the  flight  directly  toward  the  zenith  of  many  rockets,. 
which  to  the  observer  would  appear  to  meet  at  a  point  overhead,  as  it 
were  the  vanishing  point  in  perspective."  Other  interesting  features 
were  noted  by  Mr.  Connon,  as  well  as  by  Mi-.  W.  G.  Blyth,  of  Toronto,, 
who  paid  especial  attention  to  the  appearance  of  meteors ;  some^ 
of  which  to  him  seemed  to  pass  through  the  auroral  matter.  A 
report  was  also  received  from  Dr.  Donaldson.  A  very  exact  report,, 
particularly  as  to  instants  of  time,  when  changes  were  noticed,  was  read 
from  Mr.  J.  Hollingworth,  of  Beatrice,  Muskoka.  This  observer 
noticed,  that  in  instances,  the  streamers,  in  moving  from  East  to  West, 
passed  "  apparently  so  low  as  to  touch  the  house-tops."  He  also  de- 
tected "  the  swishing  sound  heard  during  the  magnificent  aurora  of 
July  16th,  1892  ;  but  not  so  loud,  there  being  more  wind."  He  added, 
that  he  now  can  "find  at  least  half-a-dozen  persons  who  distinctly  heard 
the  rustle  of  the  aurora  of  that  date." 

Dr.  M.  A.  Veeder,  of  Lyons,  N.Y.,  reported  that  the  "  auroral 
band  seen  July  15th,  was  observed  at  all  stations  between  Concord^ 
Mass.,  and  Miles  City,  Montana,  while  the  aurora  itself   was  seen  still 
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further  Westward ;  that  at  the  outset,  the  band  seems  to  have  extended 
from  North-west  to  South-east  at  about  the  same  angle  and  wholly 
irrespective  of  variations  in  magnetic  declination  at  the  different  sta- 
tions ;  that  it  appears  to  have  reached  the  same  phase  of  development  in 
definite  relation  to  local  times  rather  than  at  the  same  instant  of  abso- 
lute time  ;  that  auroras  have  a  tendency  to  exhibit  certain  individual 
characteristics — red  auroras  ajjpearing  red  everywhere,  and  flickering 
auroras  everywhere  flickering,  and  that  it  would  seem  from  this  that  the 
Earth  at  such  times  must  enter  into  the  midst  of  a  conducting  medium 
having  special  characteristics  which  modify  the  play  of  the  currents 
which  originate  the  auroral  glow.  At  Lyons,  N.Y.,  the  band  or  arch, 
was  seen  fully  developed  at  10.  "20,  and  might  have  existed  a  few  minutes 
sooner,  while  attention  was  being  directed  to  the  irregular  patches  and 
faint  streamers  then  forming  in  the  North.  This  band  passed  at  that 
time  through  the  Northern  Crown,  and  very  near  Arcturus,  but  slightly 
North.  Eastward,  it  was  not  so  well  defined.  This  band  faded  out  at 
about  10.45.  If  the  Crown  and  Horseshoe  were  the  same  as  seen  at 
Lyons  and  Toronto,  it  would  seem  that  the  former  must  have  been  at  a 
vastly  greater  elevation  than  the  latter.  Perhaps,  when  further  reports 
are  at  hand,  it  may  be  possible  to  determine  the  altitude  of  the  lower 
margin  of  the  curtain  with  considerable  precision.  This  aurora  is  of 
interest  also,  because  the  27-day  periodicity  again  appears  in  connection 
with  it.  The  only  display  of  any  prominence  during  June  was  on  the 
18th,  the  aurora  of  that  date  being  very  generally  seen  at  all  stations 
where  it  was  clear.  As  regards  the  solar  conditions,  thei'e  were  at  the 
Eastern  limb,  at  the  June  return,  very  extensive  fields  of  facula?,  in 
which  spots  were  forming,  portions  of  which  were  near  the  Sun's 
equator.  At  the  July  return,  this  seems  to  be  the  case  again,  the 
faculaj  being  very  bright,  and  a  spot  having  formed  in  the  midst  of  one 
of  the  portions  of  the  field  since  its  appearance  by  rotation." 

The  reading  of  the  various  descriptions  was  followed  by  an  animated 
discussion,  participated  in  by  the  Chairman,  Messrs.  T.  Lindsay,  R.  B. 
Ellis,  A.  Harvey,  A.  Elvins,  A.  F.  Miller,  and  G.  E.  Lumsden.  Messrs. 
Elvins  and  Miller  dwelt  upon  the  lines  and  bands  which  characterize 
the  spectra  of  aurora?,  and  referred  to  the  varions  theories  respecting 
their  composition,  their  motions,  their  frequency  and  their  cause.  The 
evening  proved  to  have  been  a  most  instructive  one. 


11 


^2  The  Aslrunomical  and  Physical  Society  of  Toronto. 


SIXTEENTH  MEETING. 

August  22nd;  Mr.  Arthur  Harvey  iu  the  chair.  The  Reverend  C.  H. 
Shortt,  of  St.  Cyprian's  Church,  and  Messrs.  J.  R.  Collins,  Z.  M.  Collins 
and  W.  A.  Douglas,  B.  A.,  all  of  Toronto,  were  elected  Active  Members, 
and  the  Reverend  Canon  Burke,  of  Belleville,  and  Miss  K.  E.  Vale,  of 
Davenport,  Iowa,  were  elected  Associate-Members. 

The  Society  learned  with  much  regret  of  the  death  of  the  Reverend 
J.  F.  McBride,  an  Active  Member.  Mr.  Thomas  Lindsay  said  the  late 
clergyman  had  endeared  himself  to  all  with  whom  he  came  in  contact, 
and,  seconded  by  Mr.  G.  G.  Pursey,  moved  a  resolution  expressing  deep 
sympathy  with  his  relatives  and  friends.  The  many  excellent  personal 
qualities  of  Father  McBride  were  feelingly  referred  to  by  the  Chairman 
and  several  of  the  members,  and  a  short  sketch  of  his  work  in  the 
scientific  world  was  read. 

Mr.  G.  G.  Pursey  reported  several  valuable  additions  to  the  Society's 
Library,  among  them  two  volumes  donated  by  a  member  who  desired 
liis  name  withheld,  and  a  copy  of  the  "  Celestial  Guide  Book  "  and  a 
Planisphere,  donated  by  Messrs.  Poole  Bros.,  of  Chicago,  the  well- 
known  publishers.  It  was  stated  that  these  works  had  been  recom- 
mended by  eminent  observers  as  admirably  adapted  for  the  use  of  those 
who  desire  a  thorough  knowledge  of  the  constellations  and  all  the  objects 
of  interest  in  the  Heavens,  praise  which,  an  examination  of  the  works 
presented,  showed  to  be  just.  On  motion  by  Mr.  Lindsay,  seconded  by 
Mr.  A.  Elvins,  a  hearty  vote  of  thanks  was  passed.^ 

It  was  announced  that  the  books,  apparatus,  etc.,  belonging  to  the 
Society  had  been  removed  to  its  new  rooms,  19  McGill  Street,  where 
Access  could  be  had  to  them  at  stated  times. 

Mr.  David  E.  Hadden,  of  Alta,  Iowa,  an  Associate-Member,  re- 
])orted  that  he  had  observed  two  very  beautiful  meteors  on  the  evenings 
of  August  6th  and  11th,  1893  ;  that  of  the  6th  was  pear-shaped,  bright 
green  in  colour,  and  travelled  swiftly  from  near  Bootes,  about  15  degrees 
in  a  South-west  direction,  exploding  before  disappearance  a  few  degrees 
Above  the  horizon  :  time,  11.03  p.m..  Central  Time.  That  of  the  11th 
was  also  of  a  brilliant  green  colour,  but  travelled  more  slowly  from  near 
the  3rd  mag.  star  12  Canes  Venatici,  to  a  point  about  ten  degrees 
South-west  of  Polaris,  exploding  into  numerous  reddish  sparks.  It  was 
fio  brilliant  that  the  whole  landscape   was  lit  up   as  if  by  a  large   arc 
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lamp,  and  was  noticed  by  people   indoors  :  time,    10.06   p.m.,   Centi^al 
Time. 

Dr.  Larratt  W.  Smith,  Q.C.,  presented  two  drawings  of  suu-spots, 
carefully  made  at  the  telescope,  on  the  9th  of  August,  at  G.45  p.m.,  and 
on  the  28th. 

Mr.  A.  F.  Miller,  reported  a  series  of  solar  observations,  and  sub- 
mitted a  drawing  by  the  spectroscopic  method  of  hydrogen-flames  at 
position-angle  258°,  made  August  13th,  at  8h.  30  a.m.,  as  a  large  spot 
was  disappearing  by  rotation  ;  he  also,  at  some  length,  described  his  pro- 
gress in  photographing  star-groups.  The  large  telescope  of  the  Obsei'- 
vatory,  through  the  kindness  of  Mr.  Charles  Carpmael,  r.R.A.S.. 
the  Director,  had  been  placed  at  his  service,  and  very  satisfactory  photo- 
graphs of  the  stars  in  the  constellation  of  Cassiopeia  had  been  obtained 
on  the  15th  of  .\ugust,  with  an  expo.sure  of  45  minutes.  Mr.  Miller 
iittached  a  camera  to  the  telescope,  and,  after  setting  the  driving-clock, 
ntade  the  equable  motion  of  the  instrument  doubly  certain  by  watching 
a  star  in  the  centre  of  the  field  of  view  of  the  eye-piece,  preferably  a 
high  ])Ower.  The  telescope  was  thus  used  merely  to  guide  the  camera. 
Mr.  Miller,  who  said  he  would  continue  the  work  as  oppoi'tunity  otfered, 
j)resented  to  the  Society  copies  of  the  work  done  on  the  star  groups,  and 
also  photographs  of  the  normal  solar  spectrum  from  F  to  Ho,  taken 
August  13th,  by  apparatus  which  he  had  specially  designed  for  the  pur- 
pose and  had  u.sed  in  his  own  laboratorj-. 

Mr.  Harvey  read  a  pajjei-  on  some  experiments  made  by  him  in 
i-eflecting  solar  light. 

A  considerable  part  of  the  evening  was  taken  up  in  discussing 
auroral  displays  and  meteoric  showers.  Mr.  J.  R.  Collins  described  the 
observations  made  by  him  on  the  18th  of  August,  when  the  "crackling 
sound  "  attributed  to  aurora?  was  heard  by  him  with  great  distinctness, 
the  impression  made  upon  the  senses  being  that  it  was  exceedingly  near. 
Me-ssrs.  Miller,  Elvins  and  Z.  M.  Collins  also  spoke  upon  the  subject. 
Mr.  Pursey  referred  to  the  celebrated  aurora  of  July  15th,  which  he 
observed  at  Kingston,  and  described  several  interesting  features  con- 
nected with  that  display. 
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SEVENTEENTH  MEETING. 

September  5th  ;  Mr.  John  A.  Paterson,  M.A.,  in  the  chair. 

Mr.  G.  G.  Pursey,  the  Librarian,  reported  that  he  had  I'eceived 
several  volumes  from  kindred  Societies,  and  announced  that  an  Index 
of  the  subject-matter  of  exchanges  was  in  preparation,  and  would  shortly 
be  completed.  Letters  were  received  from  Dr.  J.  J.  Wadsworth,  of 
Simcoe,  and  from  Mr.  J.  A.  Copland.  The  latter  reported  at  some 
length  observations  of  auroral  and  meteoric  displays  made  by  him  in 
North  Wellington.  Mr.  A.  F.  Miller,  in  reporting  his  observations  of 
the  solar-surface,  referred  to  the  difficulty  the  amateur  sometimes  has  in 
identifying  a  sun-spot  from  day  to  day,  wliich,  however,  was  not  sur- 
prising, as  it  had  been  necessary  during  the  past  year  at  Greenwich,  to 
employ  extra  assistance  in  compiling  a  complete  record  of  the  appearance 
of  the  Sun.  Mr.  A.  El  vies  presented  several  sketches  of  spots  on  the 
solar  disc,  some  of  which  had  been  visible  to  the  unaided  eye.  Mr.  R. 
Dewar  reported  having  heard  the  swishing  sound  of  the  aurora  during 
the  display  of  July  23rd.  An  interesting  discussion  arose  in  connection 
with  photogi-aphic  woi'k  on  the  heavens  and  Mr.  Miller  described  some  of 
the  difficulties  in  the  way  of  the  amateur,  one  of  which  is  the  procuring 
of  a  suitable  lens,  the  ordinary  photographic  lens  not  being  quite  adapted 
for  the  purpose.  Mr.  Arthur  Harvey  thought  that  the  selection  of  plates 
was  of  even  greater  importance,  and  that  ortho-chromatic  plates  solved 
the  difficulty.  Mr.  Mungo  Tiirnbull  gave  some  practical  illustrations 
of  the  method  of  using  the  celestial  globe  recently  constructed  and 
patented  by  him,  using  for  the  purpose  the  globe  presented  to  the^ 
Society  by  Lady  Wilson,  in  accordance  with  the  wish  of  the  late  Hon. 
Sir  Adam  Wilson,  Q.C. 

Mr.  Harvey  read  the  following  memorandum  upon  a  subject  in 
which  the  Society  had  been  taking  some  interest,  i.e.,  the  photographing 
of  the  sidereal  heavens: — "I  am  permitted  to  bring  for  your  inspec- 
tion, from  the  Canadian  Institute,  the  Third  Annual  Report  of  the 
Vatican  Observatory,  and  I  think  the  beautiful  plates  will  interest  you 
very  much.  Especially  instructive  is  the  plate  of  the  star-cluster  in 
Cancer,  Prsesepe  or  the  Beehive.  As  you  are  aware,  a  photographic 
charting  of  the  heavens  is  now  in  progress,  in  which  several  leading 
observatories  are  taking  part.  This  is  a  re{)roduction  of  one  of  the 
standard  plates.     The  faint  lines — like  those  of  latitude  and  longitude 
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on  an  ordinary  map  — svipply  the  means  for  comparing  the  places  and 
movements  of  stars  :  in  10,  20  or  50  years,  anotlier  photograph,  on  the 
same  scale,  will  show  the  changes  with  much  greater  ease  than  any 
system  hitherto  adopted,  however  delicate  the  measurements  or  perfect 
the  drawings  may  have  been.  The  astronomer,  with  a  magnifying-leus, 
will  examine  and  compare  square  by  square,  note  the  proper  motion  of 
each  stai',  see  which  are  variable,  which  are  the  binaries  and  trinaries 
and  the  rate  of  their  revolutions,  while  by  a  series  of  such  plates  we 
may  hope  even  to  approximate,  by  noting  the  inequalities  or  variations 
of  motions,  to  an  estimate  of  the  number  of  dark  stars — stars  which  do 
not  emit  light — which  should  be,  if  the  nebular  hypothesis  has  a  basis 
in  fact,  far  more  numerous  tlian  the  luminous  or  visible  orbs.  I  have 
brought  a  magnifying-glass  that  you  may  see  the  beauty  of  the  work, 
the  admirable  distinctness  of  the  plate,  on  which  you  can  note  the 
several  stars  which  appear  to  be  connected  with  each  other  and  not 
mere  optical  doubles.  Thus  you  can,  in  a  way,  anticipate  what  the 
work  of  the  astronomer  is  to  be  and  enter  into  the  observatory  of  the 
future,  or  at  least  an  important  part  of  it :  a  quiet  room,  with  a  good 
light,  apparatus  for  super-imposing  the  image  of  one  square  from  one 
plate  on  one  from  another  taten  years  before,  a  note-book,  a  microscope, 
and  no  telescope  at  all." 

The  publication  was  examined  by  the  raember.s,  who  found  the  plate 
especially  i-eferred  to  by  Mr.  Harvey  to  be  all  lie  had  said  of  it. 


EIGHTEENTH  MEETING. 

September  19th,  Mr.  John  A.  Patersou,  IM.A.,  Vice-President,  in 
the  chair.  The  attendance  was  especially  large.  Professor  Goldwin 
.Smith,  D.C.L.,  of  The  Grange,  Toronto,  was  elected  an  Active  Member. 

It  was  stated  that  during  the  two  weeks  the  Toronto  Industrial  Fair 
was  open,  visitors  to  the  city  from  various  parts  of  the  Province  had,  for 
the  first  time,  found  their  way  to  the  Society's  rooms  and  had  examined 
the  apparatus  deposited  there.  Among  the  letteis  read  were  communi- 
cations from  Professor  Newcomb,  Superintendent  of  the  Nautical 
Almanac  Office  at  Washington,  as  to  the  computation  of  certain  quan- 
tities published  in  the  Tables  of  Star  Occultations  ;  from  Professor  G.  E. 
Hale,  Director  of   the    Kenwood  Observatory ;  from    Professor   Payne, 
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editor  of  Astronomy  ahd  Astro-Physics  and  Popular  Astronomy  ;  from 
Sir  Robert  S.  Ball,  Lowndean  Professor  of  Astronomy  and  Mathematics 
in  the  University  of  Cambridge,  thanking  the  Society  for  a  report  of  the 
bolide  seen  at  Toronto,  July  7tli,  by  Mr.  E.  A.  Eaton  ;  from  the  Libra- 
rian of  the  Smithsonian  Institution,  and  from  inquirers  as  to  membership- 
in  the  Society.  Mr.  G.  G.  Pursey,  the  Librarian,  reported  the  receipt 
through  Mr.  James  Todhunter,  the  Treasurer,  of  a  copy  of  Professor 
E.  E.  Barnard's  "  Micrometer  Measures  of  the  Fifth  Satellite  of 
Jupiter,"  and  a  photograph  of  a  portion  of  the  Milky  Way,  also  made 
by  Mr.  Barnard.  These  were  donated  to  the  Society  by  Mrs.  Tod- 
hunter, who,  with  friends,  had  paid  a  visit  to  Lick  OV)servatoiT.  Be- 
sides presenting  to  Mrs.  Todhunter  the  photograph  and  book  referred 
to,  the  Professor  was  assiduous  in  his  efforts  to  afford  the  party  an 
opportunity  to  look  through  the  telescopes  and  to  see  the  splendid  appa- 
ratus of  the  Observatory.  On  the  occasion  of  the  visit,  more  than  two 
hundred  ])ersons  were  patiently  waiting,  in  turn,  to  gaze  for  a  minute  or 
so  through  the  great  telescope. 

Under  the  head  of  observations,  Mr.  A.  F.  Miller  reported  that  the 
Sun's  disc  appeared  to  be  more  free  than  usual  from  spots,  there  being,  as 
it  were,  a  period  of  quiescence.  Usually,  after  a  period  of  this  character 
fresh  outbreaks  may  be  expected,  and  their  appearance  should  be  watched 
for.  ]Mr.  Miller  presented  a  di'awing,  made  by  the  spectroscopic  method 
at  9.30  a.m.,  on  the  17th  of  September,  of  a  tree-like  group  of  hydrogen 
flames,  which  extended  for  15  degrees  on  each  .side  of  the  Sun's  North- 
point,  and  reached  an  altitude  of  54,000  miles,  being  long  enough  to 
extend  more  than  twice  around  the  Earth. 

Mr.  Arthur  Harvey,  having  handed  in  two  excellent  drawings  of 
sun-spots  in  the  Southern  hemisphere,  made  on  the  10th  of  September, 
I'ead  an  interesting  series  of  "  x'\stronomical  Notes  "  upon  the  Sun,  his. 
spots,  their  periods  of  maxima  and  minima,  certain  lines  in  the  solar 
spectrum,  the  success  achieved  in  photographing  the  spectrum  and  in 
photographing  solar  faculae  and  prominences,  the  daily  work  carried 
on  in  Greenwich  and  in  Paris  of  photographing  the  Sun,  the  success  in 
celestial  photography  and  in  discovering  new  stars  attained  by  amateurs 
with  modest  appliances,  the  tracks  of  meteors  found  on  plates  exposed  for 
photographing  stars  and  nebulae,  the  disco vei-y  of  Asteroids  by  finding 
the  trails  of  stars  on  plates  which  had  undergone  exposures  sufficiently 
long  to  show  the  proper  motion  of  the  Asteroids  thus  discovered,  the  theory 
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that  the  peculiar  shapes  taken  on  by  some  of  the  .satellites  of  Jupiter  are 
due  to  their  being  composed  of  meteorites,  and  the  theory  that  Jupiter's 
fifth  satellite  is  an  Asteroid  forced  by  the  planet'.s  attractive  force  to  join 
his  system.  Taking  into  account  all  the  observations  relative  to  sun- 
spots  that  are  availal)le,  including  those  of  the  Chinese,  Mr.  Harvey 
said  there  appeared  to  be  66  or  83-year  periods  of  intense  maxima  and 
of  small  intensity  as  well  as  the  ordinary  eleven-year  intervals.  This 
would  seem  to  indicate  that,  according  to  one  of  these,  the  beginning  of 
the  next  century  will  co-incide  with  a  maximum  of  small  intensity,  and, 
according  to  the  other,  with  one  of  high  intensity.  Having  alluded  at 
some  length,  to  the  thoroughness  of  the  work  being  cariied  on  by  Dr. 
Gill  and  others  in  photographing  interesting  stellar-groups  and  clusters, 
Mr.  Harvey  closed  his  paper  in  the  following  words  : — "  In  these  stellar 
photographs,  I  find  it  is  most  important  to  focus  properly  foi-  the  chemical 
ray.s — experiment  is  the  surest  guide  to  a  good  result  in  this  particulai-. 
We  may  practice  very  well  with  the  ordinary  landscape  and  portrait 
lenses  and  plates,  but  great  progress  has  been  made  with  the  piepai-a- 
tions  of  special  films.  I  had  the  honour  to  bring  before  this  Society 
two  years  ago,  a  specimen  of  Lippmans  photograph  in  colours  of  the 
spectrum ;  great  progress  has  been  made  since  then.  Lippman  was  at 
that  time  forced  to  use  successive  sci'eens  to  prevent  the  too  lengthened 
action  of  the  more  actinic  colour-rays  by  shutting  out  these  colours. 
Now  the  orthochromatism  of  the  plates  and  their  sensitiveness  to  the 
least  active  colour-rays  have  been  much  increased,  the  greens  of  trees, 
the  grays  of  a  stone  building,  the  blue  of  the  sky,  have  all  been  well 
brought  out,  and  one  of  the  finest  experiments  has  been  in  the  realm  of 
Astronomy,  Messrs.  Fabre  and  Andoyer,  of  Toulouse,  photographed 
the  eclipse  of  the  Moon  of  November  loth,  tising  the  plates  of  Lumiere, 
sold  as  plates  sensitized  for  red  and  yellow.  Comparison  was  made  be- 
tween the  results  from  plates  prepared  with  collodion  and  gelatine 
bromided  in  the  ordinary  way  and  collodion  plates  made  orthochromatic 
with  eosine  and  cyanide  solutions.  Ordinary  plates  remained  all  but 
insensible  to  that  part  of  the  lunar  disc  immersed  in  shadow  ;  the  other-s 
came  out  with  fairly  satisfactoiy  results  as  to  this  feature.  These 
gentlemen  purpose  continuing  their  experiments  upon  Mars,  upon 
Jupiter  with  his  red  spot,  and  on  coloured  stars." 

Messrs.  J.  E.   and   Z.   M.    Collins  exhibited   negatives  of  the   Sun 
recently  made  with  an  ingenious  apparatus  of  their  own  construction. 
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Mr.  W.  H.  Musson  read  several  extracts  from  an  article  entitled,  "Is 
the  Universe  Infinite  ] "  bv  Sir  Robert  Ball.  Several  of  the  deductions 
of  this  mathematician  and  astronomer  caused  an  interesting  discussion. 
At  the  close  of  the  meeting,  Mr.  Mungo  Turnbull  exhibited  and 
explained  a  new  altazimuth  stand  for  telescopes  recently  devised  by  him, 
and  intended  for  the  use  of  amateurs. 


THE  NINETEENTH  MEETING. 

October  30th  ;  Dr.  Larratt  W.  Smith,  Q.C.,  Vice-President,  in  the 
chair.  The  attendance  was  large,  and  included  several  strangers,  who 
"were  made  welcome.  A  new  feature  noted,  was  the  presentation  to  the 
Society  by  outsiders  of  books  and  valuable  papers,  some  of  them  rai'e. 
At  a  recent  meeting,  a  copy  of  Ferguson's  Astronomy,  printed  in  1758, 
in  two  volumes,  became  the  property  of  the  Society  by  purchase,  but 
tlie  third  volume  containing  the  plates  was  wanting.  By  a  curious 
co-incidence,  the  volume  necessary  to  make  the  set  complete  was  donated 
at  the  last  meeting  by  a  member  who  was  unaware  of  the  earlier  pur- 
chase. The  first  number  of  Popular  Astronomy  was  laid  on  the  table, 
and  was  much  praised.  Under  the  head  of  observations,  Mr.  J.  R. 
Collins  showed  several  sharp  negatives,  two  inches  in  diameter,  of  the 
Sun  and  of  the  Moon  taken  with  a  two-inch  telescope  of  a  peculiar  con- 
struction, and  ]\Ir.  A.  F.  Miller  handed  in  a  drawing  of  the  solar  disc, 
September  24th,  at  1 1  o'clock,  showing  accurately  the  position  of  the 
sun-spots  and  faculae,  by  projection,  and,  at  the  same  time,  the  position- 
angles  and  shapes  of  the  numerous  red  prominences  scattered  around 
the  Sun's  limb  and  visible  by  the  spectroscopic  method.  The  sketch 
was  the  first  of  the  kind  made  in  Toronto. 

Mr.  John  Phillips  read  a  paper  on 

TUB    VOLCANIC    THEORY    OF    PLANETARY    PROJECTION, 

of  which  the  following  is  a  synopsis : 

The  volcanic  theory  of  projection  in  relation  to  the  satellites  of  the 
solar  system,  may  be  thus  defined  : — 1st.  Before  any  of  the  primary 
planets  now  accompanied  by  moons  had  any  such  attendants,  each 
revolved  in   its   orbit,  rotated  on   its  axis  and   was  enveloped  in   and 
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accompanied  by  an  atmosphere  which  rotated  along  with  it,  and  extended 
farther  than  the  most  distant  satellite  now  revolving  around  it.  2nd. 
Each  secondary  planet  was  projected  from  its  primary  in  a  molten  mass, 
by  volcanic  eruption,  or  some  such  agency.  And,  3rd,  the  tangential  force 
of  each  satellite  is  the  unexpended  force  of  projection,  that  explosive 
power  by  which  it  was  first  shot  out  from  its  primary,  driven  through 
the  surrounding  atmosphere  and  projected  into  a  local  orbit  of  its  own, — 
the  orbit  in  which  it  now  moves  being  the  original  one,  or  a  modification 
thereof. 

This  theory  requires  an  atmospheric,  or  some  similar,  medium  for  the 
following  reason  : — Were  the  Earth,  like  the  Moon,  void  of  an  atmos- 
phere, a  body  projected  obliquely  from  its  surface  at  a  velocity  of  from 
five  to  nearly  seven  miles  a  second,  at  any  elevation  above  the  horizon, 
would  strike  oft'  in  an  elliptic  path  and  return  to  the  Eartli  again  at  the 
end  of  its  sweep.  The  projectile  could  make  but  one  journey  off,  and 
on  its  return,  in  trying  to  make  its  first  perigee  passage  round  the  Earth, 
would  be  captured.  If  projected  at  a  higher  velocity  still,  it  would  go 
on  increasing  its  distance  and,  of  course,  never  return. 

But  were  the  Earth  surrounded  by  an  atmosphere  several  thousand 
miles  high,  and  if  the  projectile  on  piercing  through  it  and  on  entering 
the  non-resisting  medium  beyond,  had  velocity  enough  in  reserve,  and  if 
it  were  moving  in  the  right  direction,  it  would,  at  once,  find  itself  an 
orbit,  and  revolve  therein  perpetually  !  The  point  in  the  upper  air-limit 
where  the  projectile  would  break  entirely  clear  of  atmospheric  entangle- 
ment would  be  the  real  point  or  place  of  projection.  And  to  that  point 
it  would  return,  passing  through  it  again,  on  completing  its  first  journey 
in  its  elliptic  orbit,  and  so  keep  on.  Then,  if  the  atmosphere  were 
condensing  down  upon  the  Earth,  the  projectile  would  soon  find  itself 
high  and  dry  off  in  the  wide  ocean  of  space,  sailing  round  and  round 
its  primary  perpetually,  as  our  Moon  and  all  the  other  secondai-y 
planets  do. 

An  important  matter  lately  established  is  that  the  resistance  of 
the  air  on  a  projectile  increases  from  the  first  to  the  second  power,  or  to 
the  square  of  the  velocity,  when  the  latter  rises  to  between  900  and 
1,100  feet  per  second,  to  the  cube  of  the  velocity  when  it  rises  from 
1,100  to  1,350  feet,  but  rapidly  falls  to  the  square  of  the  velocity  again 
after  it  rises  to  more  than  1,350  feet  per  second.  This  important  fact, 
whatever  its  cause,  scores  many  points  in  favour  of  the  Projection 
12 
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Theory.  The  force  of  gravity  at  the  Earth's  surface  is  32  feet,  a  second 
or  more  ;  at  the  Moon's  surface  it  is  a  foot  and  a  half  or  less.  Could  we 
take  to  the  Moon  one  of  the  guns  of  H.  M.  Warship  Blake,  we  could  send 
iron  missiles  flying  round  that  planet.  Those  missiles,  whilst  moving, 
would  be  satellites  of  the  second  order,  like  the  one  supposed  to  have- 
been  seen  during  the  total  eclipse  of  the  Sun  in  August,  1869. 
Were  it  possible  to  construct^'a  ten  thousand  ton  gun  capable  of  pro- 
jecting a  one  hundred  ton  ball,  with  a  muzzle  velocity  of  ten  miles, 
a  second,  iron-hail  could  be  sent  all  round  this  world,  but  for  its  atmos- 
phere, by  giving  to  the  missiles  thrown  in  a  horizontal  direction,  an 
initial  velocity  of  nearly  five  miles  a  second.  By  projecting  them  at 
any  elevation  above  the  horizon,  and  with  a  velocity  of  nearly  seven 
miles  a  second,  they  could  be  sent  to  twice  the  distance  of  the  Moon, 
and  would  return  again  in  about  twenty-eight  days,  or  dui'ing  a  lunar 
period.  If  the  atmosphere  extended  only  forty-five  miles  high,  and 
the  artillerist  could  so  handle  his  gun  that  one  of  the  balls,  on  passing 
the  uppermost  regions  of  the  aii*,  moved  at  the  rate  of  four  and  nine- 
tenth  miles  a  second,  and  in  a  direction  at  a  right-angle  to  its  radius- 
vector  there,  it  would  fly  around  the  Earth  in  one  hour  and  a-half.  Not 
perpetually  though,  it  being  too  near  the  Earth,  for  the  tidal  action  of 
the  Moon,  or  other  causes,  if  no  Moon  existed,  would  soon  ground  it. 
Were  the  atmosphere  to  extend  4,000  miles  instead  of  forty-five,  and  the- 
projectile  to  be  launched  out  there  with  the  right  velocity,  it  would 
probably  be  safe,  though  greatly  perturbed  in  its  orbit  on  account  of  the 
spheroidal  figure  of  the  Earth.  It  would  revolve  every  four  hours,  and 
if  seen  from  the  Earth,  would  appear  to  have  a  retrograde  motion,  i.e.,. 
to  rise  in  the  West  and  set  in  the  East  like  the  inner  moon  of  Mars. 
If  the  atmospheric  extension  measured  15,000  miles,  where  there  is- 
more  room,  the  gunner  would  not  require  to  be  so  particular  as  to 
velocity  and  direction  in  launching  the  ball  outside  the  air  limit ;  but 
the  more  particular  he  was  the  more  circular  would  be  its  orbit.  The^ 
ball  would  revolve  in  twenty-four  hours  or  so,  and  if  its  period 
corresponded  precisely  witli  the  rotatiou-peiiod  of  the  Earth,  the 
ball  would  be  always  over,  or  opposite,  one-half  of  the  Earth's 
surface,  and,  of  course,  could  never  be  seen  from  the  other.  If  thrown 
further  than  15,000  miles,  the  projectile  would  appear  to  have  a 
progressive  motion  round  the  Earth  like  the  satellite  we  have.  Thus 
the  orbital  distance  of  the  projectile  would  fix  its  apparent  motion,  for 
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the  time  of  its  revolution  would  depend  on  its  distance  ;  and  its  appai-ent 
motion,  whether  direct,  retrograde,  or,  to  all  appearance,  no  motion  at 
all,  would  depend  on  the  time  of  its  revolution,  whether  greater  than, 
less  than,  or  exactly  equal  to  the  time  of  the  Earth's  rotation.  Lastly. 
If  the  air-limit  extended  240,000  miles,  our  imaginary  gunner  could 
throw  a  j)rojectile  off  into  an  orbit  even  there.  He  might  not  send  it 
into  quite  a  circular  orbit  so  far  ofl",  but  no  matter.  Nature  and 
Nature's  laws  would  conspire  to  help  him.  A  velocity  of  3,330  feet 
per  second  would  give  the  shot  a  circular  orbit  if  directed  at  a  right- 
angle  to  its  radius-vector  there.  But  if  the  gunner  could  come  within  a 
couple  of  hundred  feet  of  that  velocity,  it  would  do  just  as  well  if  at  an 
angle  of  ninety  degrees  or  so.  Even  if  a  circular  orbit  were  given  at 
first,  the  Sun's  perturbing  influence  would  press  it  into  an  oval  one  after- 
wards. But  there  is  a  projectile  already  in  that  very  vicinity  ;  a  huge 
spherical  one  over  2,000  miles  in  diameter,  and  known  to  be  a  projectile 
these  last  two  hundred  years.  Now,  the  questions  are,  how  came  it 
there  1  Whence  came  it,  and  how  could  it  have  been  projected  1  It  is 
evidently  a  piece  of  Nature's  handiwork.  It  must  have  been  projected  by 
one  of  Nature's  big  guns,  and  how  this  may  have  happened,  I  shall 
now  show. 

One  of  those  guns,  situated  on  the  island  of  Krakatoa,  an  island 
25  square  miles  in  area,  had  been  silent  a  long  time,  but  on  the 
27th  of  August,  1883,  a  big  shot  was  tired  from  it;  the  island  was 
shattered  and  uncapped,  and  the  Avhole  charge  of  the  gun,  island-cap 
and  all,  was  blown  sky-high — shot  up  into  the  elements  to  an  altitude  of 
23  miles,  with  a  report  heard  3,000  miles  away.  The  quantity  of  material 
ejected  is  estimated  in  hundreds  of  billions  of  cubic  feet,  which  would 
form  a  cubic  mile  of  matter,  or  a  globe  a  mile  and  a-quarter  in  diameter. 
Some  of  the  debris  from  that  eruption  floated  in  layers  in  the  upper-air 
in  the  form  of  pulverized  dust  for  years,  giving  to  the  Sun  a  red  appear- 
ance the  world  over,  and  producing  the  Ki'akatoa  Sunsets.  But  the 
Krakatoa  eruption  was  but  a  small  affair  when  compared  with  other 
events  of  the  kind.  In  1815,  the  volcano  Tomboro,  in  Surabana,, 
another  island  in  the  Indian  Ocean,  had  an  erujition,  which  was  in  full 
blast  while  the  battle  of  Waterloo  was  laging.  During  that  eruption, 
34  cubic  miles  of  solid  matter  was  ejected,  or  over  25  times  more  than  at 
Krakatoa,  equal  to  a  solid  globe  of  more  than  four  miles  in  diameter,. 
and,    in  all  probability,    equal  in  size   to  one   of  the    Martian   moons. 
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In  1783,  Hecla,  in  Iceland,  boiled  over  and  ejected  20  cubic  miles  before 
it  quieted  down.  During  that  eruption,  the  great  fire-ball,  the  largest 
ever  seen,  estimated  at  from  half  a  mile  to  a  mile  and  a-half  in  diameter, 
swept  from  the  direction  of  Iceland  over  Scotland,  England,  France  and 
Italy,  and  probably  then  plunged  into  the  Mediterranean,  or  grounded  on 
the  sands  of  the  great  African  desert.  That  fire-ball,  as  it  was  called, 
whatever  it  was,  made  a  good  attempt  at  finding  itself  an  orbit.  Were  it 
not  for  the  i-esistance  of  the  air,  it  might  have  done  so.  And,  if  it  had, 
it  would  have  revolved  around  the  polar  regions  of  the  Earth  with  a 
retrograde  motion,  like  that  of  the  moons  of  Uranus.  Now,  is  there  any 
more  rational,  scientific  or  certain  way  of  accounting  for  the  existence 
of  the  two  small  moons  of  INIars  than  by  supposing  them  to  have 
been  ])rojected  from  their  primary  l)y  forces  akin  to  those  brought  into 
play  at  Krakatoa,  Sumbana  and  Iceland,  forces  which  have  been  stored 
or  pent  up  within  the  Earth  ever  since  she  took  upon  herself  the  form 
of  a  planet  and  which  were  thousands  of  times  more  active  and  powerful 
in  the  early  stages  of  her  history  than  they  are  to-day  1  For  to  compare 
any  historic  eruption  with  some  pre-historic  ones,  would  be  like  compar- 
ing a  pop-gun  to  a  Krupp  gun  in  calibre,  range  and  power. 

Let  us  now  take  the  most  difficult  case  of  all,  that  of  our  own  Moon, 
the  greatest  and  most  massive  satellite  in  the  solar  system,  when  com- 
pared with  its  primary.  It  may  seem  that  if  an  eruption  like  those 
contemplated  ever  occurred,  this  planet  would  have  been  burst  into  bits, 
and  have  given  origin  to  a  zone  of  planetoids,  like  the  supposed  planet 
Pluto  was  thought  by  Olbers  to  have  done  between  Mars  and  Jupiter. 
But  there  is  another  side  to  this  question.  The  Earth  is  much  more 
massive  than  any  planet  in  the  system  attended  by  a  satellite  ;  this  mas- 
siveuess  would  stand  it  in  good  stead  in  making  a  great  physical  efibrt. 
Then  the  mass,  weight  or  quantity  of  matter  in  the  !Moon  is,  after  all, 
only  the  one-eightieth  of  that  in  the  Earth.  Supposing  the  Moon  to 
have  been  thrown  off  from  the  Earth  by  volcanic  forces,  there  would  still 
remain  in  the  Earth  sufficient  material  out  of  which  eighty  more  Moons 
could  be  formed.  An  eighty-ton  smooth-bore,  short-barrelled  gun  could, 
without  bursting,  easily  throw  a  ton  weight  shot,  though  not  far  or  with 
good  aim.  But  the  projection  of  the  Moon  would  more  nearly  resemble  the 
action  of  a  mortar  than  that  of  a  gun.  The  eruption  must  have  shaken 
the  Earth  sev-erely,  for  she  recoiled  about  2,700  miles,  the  distance 
between  her  present  centre  and  the  combined  centre  of  gravity  of  her- 
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self  and  the  Moon.  As  to  distance  projected,  that  counts  but  little  a 
few  diameters  away  from  the  Earth,  owing  to  the  diminution  of  gravity. 
For  instance,  a  missile  projected  from  the  Earth  at  an  initial  velocity  of 
about  36,400  feet  a  second  would  go  to  the  distance  of  the  Moon,  leaving 
the  resistance  of  the  air  out  of  account.  An  initial  of  153  feet  a  second 
gi'eater  would  send  it  twice  that  distance,  and  one  152  feet  greater  still 
would  send  it  to  the  distance  of  the  Sun. 

And  now  let  us  take  a  hasty  glance  at  that  luminary  himself,  with 
his  spots,  those  great  whirlpool  openings  in  his  disc,  often  hundreds  of 
millions  of  square  miles  in  area  and  of  unknown  depth.  Let  us  think 
of  the  huge  masses  of  ponderable  matter,  equal  in  bulk  to  some  of  the 
larger  planets,  now  and  then  projected  out  through  his  luminous  envel- 
ope, with  initial  velocities  of  three  or  fovr  hundred  miles  a  second  ! 
which,  after  sweeping  partly  around  him,  fall  again  upon  some  other 
part  of  his  surface,  more  di-stant  tlian  the  Moon  is  from  us.  Let  us 
conceive  this  Earth,  before  she  was  attended  by  her  satellite,  to  have 
been  in  that  state  or  condition  so  aptly  described  by  Sir  Humphry 
Davy — a  condition  something  like  that  in  which  the  Sun  now  is,  but 
lacking  his  brilliancy — a  globular-shaped  body,  composed  of  liquids  and 
gases  expanded  by  heat,  all  in  turmoil,  and  having  now  and  then  dis- 
turbances and  eruptions  such  as  occur  in  the  solar  surface  in  our  day, 
and  surrounded  by  a  heated  atmosphere  extending  farther  than  the  pre- 
sent lunar  orbit,  but  partly  cooled  near  its  outer  limits.  Conceive  our 
Earth  in  this  primitive  condition,  "the  most  primitive,"  according  to 
Sir  Humphry,  "  in  which  we  can  yet  venture  to  consider  it — rotating 
on  an  axis  and  winding  its  lonely  way  around  the  Sun,"  and  let  us 
imagine  that,  at  last,  a  successful  effort  was  made,  and  our  Moon-matter 
was  shot  out  at  such  a  velocity,  and  in  such  a  direction,  that,  on  reaching 
the  outer  air-limit  it  set  off  in  an  orbit  of  its  own,  in  which  it  still  re- 
volves,* though  probably  in  a  much  more  eccentric  orbit  then  than  it  has 
to-day,  the  Earth's  rotation  from  "West  to  East  and  the  resistance  of  the 
air  on  the  projectile  while  passing  or  pressing  through  it,  having  each 
played  an  important  part  on  the  final  result.  Thus,  we  may  conclude  that 
the  happy  effect  of  many  causes  all  uniting  on  one  occasion,  and  only  on 
one,  gave  this  Earth  one  satellite,  and  only  one,  our  faithful  attendant  the 
Moon— Man's  greatest  instructor  in  the  science  of  the  starry  vault  above 
him — and  but  for  which  we  would  know  little  of  the  outside  Universe 
to-dav. 
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And  now  it  is  for  tlie  world  to  decide  whether  we  have  discovered 
how  all  the  satellites  of  the  system,  rings  of  Saturn  and  all,  have  origin- 
ated as  separate  bodies  and  found  their  orbits.  For  whether  they 
revolve  faster  or  slower  than  their  primaries  rotate,  whether  they  re- 
volve round  the  eq-aatorial  or  the  polar  vicinities  of  those  primaries,  and 
whether  their  motions  in  their  orbits  are  direct  or  retrograde,  this  theory 
accounts  for  them  all — what  no  other  hypothesis  or  theory  before  it  ever 
did.  Those  destined  to  flourish  in  the  Twentieth  Century,  a  period  now 
hastening  on,  will  have  no  choice  but  either  to  adopt  the  theory  just 
sketched  or  else  fall  back  on  the  old  notion  that  each  planet  was  pro- 
jected into  its  orbit  with  the  required  velocity,  and  in  the  right  direc- 
tion, by  the  Hand  of  the  Creator — a  supposition,  by  the  way,  which, 
however  unsatisfactory  to  the  philosopher,  is  beyond  the  scope  of  the 
Calculus,  and  cannot  be  disproven  by  the  most  refined  analysis.  But 
if  this  theory  of  ours,  founded  on  mathematics  and  physics,  stands  the 
test  as  well  as  that,  built  on  miraculous  interference,  ours  must  bear  off 
the  palm  by  its  a{)pealing  to  I'eason,  by  its  convincing  the  judgment, 
gratifying  the  understanding,  and,  at  last,  laying  hold  on  and  captivating 
the  mind  itself,  despite  its  resistance  at  first — arming  it  with  fresh 
resources  to  make  new  discoveries  and  more  conquests  over  matter  in 
regions  we  have  now  no  conception  of. 

Considerable  discussion  followed  the  paper.  Mr.  John  A.  Paterson 
said  the  theory  made  very  great  demands  upon  those  who  subscribe 
to  the  generally  received  conception  of  the  Cosmogony  as  based  upon 
observed  facts,  and  held  that  the  probability  of  our  Moon  being  pro- 
jected while  yet  fluid  and  from  a  fluid  jiarent,  to  such  a  distance,  and 
then  taking  up  revolution  in  the  same  plane  nearly  as  the  revolution  of 
the  Earth,  and  keeping  always  the  same  side  to  the  ])rimary,  was  so 
extremely  unlikely  as  to  verge  directly  upon  the  impossible.,  Mr. 
Robert  Dewar  and  Mr.  Thomas  Lindsay  argued  that  even  if  such  an 
explosion  were  to  occur  now,  when  the  Earth  is  rigid,  the  Earth  would 
be  rent  asunder,  but  Mr.  Dewar  did  not  consider  it  impossible  for  a 
fluid  mass  to  eject  matter  with  very  considerable  velocity.  Other 
members  continued  the  discussion,  which  was  closed  by  Mr.  Phillips, 
who  offered  several  explanations,  and  held  that  his  theory  is  unassailable 
from  any  mathematical  or  physical  standpoint. 
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Mr.  Elvins  read  the  following  paper  on 

TERRESTRIAL    MAGNETISM. 

It  is  almost  certain  that  you,  in  connnon  with  myself,  have  often 
asked,  Why  does  the  needle  point  North  and  South  1  Why  do  not  the 
magnetic  and  the  terrestrial  poles  co-incide  ?  Why  does  the  direction  of 
the  needle  point  in  slightly  different  directions,  daily  and  yearly  ?  And 
why  is  the  vertical  force  greater  at  one  period  than  another  1 

In  seeking  to  solve  such  questions,  I  have  noticed  a  co-incidence 
which  I  cannot  think  has  been  unnoticed  by  others,  but  which  I  have 
never  seen  referred  to ;  and  as  I  think  it  may  aid  us  in  our  search  after 
the  cause  of  terrestrial  magnetism,  T  shall  call  attention  to  this  co-inci- 
dence to-night. 

The  magnetic  pole  is  not  at  the  terrestrial  pole,  but  something  more 
than  twenty  degrees  from  it.  It  has  been  found  difficult  to  fix  this 
point  with  great  exactness,  but  it  cannot  be  far  from  twenty-three 
degrees  from  the  pole,  and  it  is  here  that  the  co-incidence  occurs,  the 
equator  being  inclined  to  the  ecliptic  at  nearly  the  same  angle,  twenty- 
three  and  a-half  degi'ees. 

This,  of  itself,  is  an  interesting  fact.  Can  we  advance  one  step 
farther  in  our  search  after  the  cause  %  Iron  is  the  element  which  most 
strikingly  exhibits  magnetic  properties  when  properly  treated  for  that 
purpose.  A  piece  of  soft  iron  is  not  a  magnet,  but  if  we  cause  a 
current  of  electricity  to  pass  around  it,  it  becomes  one.  If  a  ball 
of  iron  have  w^ound  around  it  a  copper-wire  connected  with  a  bat- 
tery, it  becomes  magnetic,  with  its  poles  at  right-angles  to  the  coil  ;  if 
the  current  cease,  the  magnetism  of  the  ball  ceases  also.  If  steel  be 
used,  instead  of  soft  iron,  the  magnetism  is  permanent,  and  from  steel 
our  magnetic  needles  are  made.  We  suspend  such  a  needle  above  the 
coil  of  our  ball,  and  the  needle  obeys  the  magnetic  law,  viz.,  opposite 
poles  attract  each  other  ;  the  plus  pole  of  the  needle  attracts  the 
minus  pole  of  the  ball,  and  the  needle  points  to  the  magnetic  pole.  Of 
course,  it  is  probable  that  the  molecular  structui-e  of  the  iron  makes  it 
possible  for  electricity  to  produce  magnetic  phenomena  in  it,  and  a  further 
modification  exists  in  steel,  making  its  magnetism  permanent.  Of  the 
nature  of  the  iron  molecule  we  have  no  certain  knowledge,  and  we  have 
no  time  to  follow  speculation  to-night  on  this  point.  Experiments  prove, 
then,  that  electric  currents  produce  magnetism. 
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But  what  is  electricity,  and  what  is  an  electric  current  1  My  reply 
is  an  assvimption  which  I  cannot  demonstrate,  but,  following  the  views 
expressed  in  my  papers  on  Gravity  and  Solar  Heat,  I  define  elec- 
tricity as  matter  existing  in  its  atomic  condition ;  when  these  physical 
atoms  are  moving  onward  in  the  same  direction,  we  have  an  electric 
current.  A  current  of  air  causes  a  vane  to  point  in  the  direction  of 
the  wind ;  but  if  the  air  be  stationary  and  the  vane  be  placed  on  the  top 
of  a  railway  carriage,  and  the  train  be  moved  rapidly  through  the  still 
air,  the  effect  on  the  vane  will  be  the  same  as  if  it  were  motionless  and 
the  air  moved.  Whilst  the  tendency  of  the  vane,  however,  is  to  set 
itself  in  the  direction  of  a  current  of  air,  the  tendency  of  a  magnetic 
needle  freely  suspended  is,  as  is  well  known,  to  settle  itself  at  right- 
angles  to  an  electric  current,  and  it  would  do  so  at  once  but  for  the  fact 
that  it  is  acted  on  at  the  same  time  by  the  attraction  of  the  magnetic 
pole  of  the  Earth.  The  Earth  moves  through  space,  which  is  filled  with 
the  ether ;  and  the  motion,  in  its  orbit,  of  the  Earth  (and  the  motion  of 
the  solar  system  through  space  in  a  plane  not  far  removed  from  the  plane 
of  the  ecliptic),  rushing  through  the  ether,  will  produce  a  current  the 
same  in  its  effects  as  if  the  Earth  were  stationary  and  the  ether  rushed 
in  a  current  across  it.  As  the  Earth  moves  in  the  plane  of  the  ecliptic, 
the  current  produced  by  its  motion  must  be  in  that  plane,  and  the  mag- 
netic poles  must  be  at  right-angles  to  that  plane,  which  we  have  seen  is 
the  fact.  If  the  Earth,  rushing  through  the  ether,  produces  the  current 
which  makes  the  Earth  a  magnet,  we  should  find  the  magnetic  force 
greater  than  the  mean  when  the  Earth  moves  w-ith  greatest  velocity, 
that  is,  during  the  winter  months,  and  less  during  the  summer  months,, 
when  the  Earth  moves  more  slowly  ;  this,  I  believe,  is  true  in  fact.  I 
do  not  think,  however,  that  this  varying  motion  of  the  Earth  in  its  orbit 
must  necessarily  be  the  only  cause  of  the  annual  variation  of  the  magnet ; 
the  motion  of  the  solar  system  through  space  may  be  an  important 
factor  in  producing  this  result,  as  I  believe  it  to  be  in  the  case  of  the 
revolution  of  the  magnetic  pole.  From  the  preceding,  it  is  clear  that  if 
we  have  suggested  the  true  cause  of  polar  magnetism,  the  axis  of  the 
Earth's  rotation  must  have  been  originally  at  right-angles  to  the  plane 
of  the  ecliptic,  and  such  I  think  possible  and  even  probable.  We  have 
seen  that  certain  forms  of  iron,  as  a  mixture  of  iron  and  carbon,  retain 
magnetism,  once  imparted,  and  become  what  we  call  permanent  magnets. 
If  now  we  assume  that  the  Earth,  while  its  axis  was  still  at  right-angle* 
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to  the  plane  of  its  orbit,  was  capable  of  becoming  a  permanent  magnet 
and  did  so  become,  then  a  subsequent  change  in  the  direction  of  the 
axis  of  rotation  would  not  affect  the  magnetic  axis,  the  pole  of  which 
would  make  a  daily  revolution  around  the  terrestrial  pole.  Towards  the 
magnetic  jjole  the  needle  would  invariably  point.  Geological  evidence 
points  strongly  to  such  a  change  in  the  axis  of  the  Earth's  rotation  ; 
traces  of  a  troi)ical //o>-a  and  fauna  are  imbedded  in  the  rocks  of  the 
Arctic  regions.  During  the  tertiary  period  the  polar  regions  were 
evidently  much  warmer  than  they  are  at  present,  and  it  is  also  clear 
that  from  some  cause  not  yet  demonstrated,  an  exceedingly  cold  period 
followed,  known  as  the  Glacial,  or  Ice  Age.  Such  a  change  as  we  have 
suggested  in  the  direction  of  the  axis  might  j)ossibly  have  caused  the 
great  climatic  changes  referred  to,  and  this  is  held  by  several  writers  on 
Geology.  The  general  direction  of  the  needle  is  towards  the  magnetic 
pole,  but  there  are  variations  daily,  monthly,  and  of  longer  periods. 
These  will  form  the  subject  of  a  paper  which  I  hope  to  lay  before  the 
Society  at  some  future  time. 

So  novel  was  the  theory  propounded  and  so  interesting  was  the  sub- 
ject thus  opened  up,  that  Mr.  Elvins  was  pressed  to  continue  his  investi- 
gations. In  the  near  future,  a  continuation  of  the  ])aper  will  be  read, 
and  experiments  introduced  by  JVIr.  Elvins,  who  expects  to  trace  the 
cause  of  all  the  variations  in  terrestrial  magnetism. 


TWENTIETH  MEETING. 

October  17th;  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the 
chair.  Mr.  James  McDougall,  C.E.,  of  Toronto,  was  elected  an  Active 
Member.  The  Ladies'  Committee,  appointed  for  the  purpose,  having 
completed  their  labours,  presented  to  the  Society  a  very  handsome 
cover,  ornamented  with  Astronomical  designs  skilfully  worked  in  silk,  to 
be  used  for  protecting  the  Sir  Adam  Wilson  Celestial  Globe  and  other 
apparatus.  On  motion  of  Mr.  E.  A.  Meredith,  LL.D.,  seconded  by 
Mr.  Robert  Dewar,  the  cover  was  formally  accepted,  and  the  lady 
members  cordially  thanked  for  their  gift. 

Arrangements  were  made  for  collecting  notes  of  observations,  etc.,. 
from  the  many  Associate-Members  and  correspondents  of  the  Society 
13 
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■engaged  in  telescopic  or  photographic  work.  While  the  meeting  was  in 
session,  a  telegraphic  despatch  was  received  from  Geneva,  N.Y.,  an- 
nouncing the  discovery  by  Professor  Brooks  of  a  new  comet  in  R.  A., 
12h.  21m.,  Declination,  12  deg.  55  min.  X.,  motion,  Xorth-east. 
From  Mr.  J.  A.  Copland,  were  received  copious  notes  on  meteoric  ob- 
servations made  on  various  evenings  between  and  including  those  of 
September  30th  and  October  12th. 

THE    CHEMISTRY    OF    THE    ATOM. 

•was  the  subject  of  the  paper  for  the  evening,  which  was  read  by  Mr. 
Thomas  Lindsay.      The  following  is  but  a  brief  synopsis  : — 

The  A'arious  theories  which,  as  working  hypotheses,  have  been  ad- 
vanced to  account  for  chemical  affinity  and  the  many  mysteries  per- 
taining to  the  world  of  the  infinitely  minute,  were  reviewed  ;  the  theory 
was  held  as  most  probable,  which  accords  to  the  elementary  atoms  of 
matter  definite  geometi'ic  forms,  the  forms  resulting  from  the  various 
groupings  of  the  ultimate  atoms  of  one  primordial  element.  It  was  held, 
that  if  we  conceive  this  primal  base  to  have  been  created  by  the  Omnipo- 
tent and  endowed  with  motion,  and,  at  the  same  time,  admit  the  ex- 
istence of  a  medium  through  which  forces  would  act,  all  that  follows  is 
the  result  of  physical  laws  ;  no  other  act  of  Creation  need  be  postulated. 
A  number  of  examples  were  given  tending  to  strengthen  the  theory  that 
shape  alone  determines  the  properties  of  the  atom  and  molecule.  The 
graphic  symbols  of  the  modern  chemistry  were  employed  to  show  the 
atomic  linking  of  compounds,  thus  giving  a  clear  idea  of  the  valency  or 
combining  power  of  an  atom.  The  magnetism  in  iron,  nickel  and 
cobalt,  was  held  to  be  solely  the  result  of  the  molecular  structure,  which 
might  be  of  such  a  nature  as  to  impart  to  the  all-pervading  ether,  which 
flows  through  the  densest  solids,  a  peculiar  motion  which  permits  of  the 
attraction  of  the  needle  to  the  magnet,  or  rather  permits  the  needle  to 
be  literall}'  pushed  against  it.  (A  difficulty  was  here  pointed  out  by  Mr. 
John  A.  Paterson,  however,  in  view  of  the  fact,  that  magnetic  action  is 
exhibited  even  in  a  vacuum).  Continuing,  it  was  held  that,  if  there  were 
no  ether,  this  phenomenon  would  not  be  possible,  and  that  the  theory 
was  probable  which  regards  magnetism  and  chemical  aflinity  as  being 
precisely  the  same,  two  factors  only  being  concerned,  namely,  the  form 
of  the  atoms  and  the  motion  of  the  ether.  It  was  suggested  as  a  profit- 
able study  a  system  of  experimentation,  which  might  lead  to  a  determi- 
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nation  of  the  form  of  the  atoms  in  magnetic  substances.      The  isomerism 
of  certain  compounds  was   referred    to  as  the   strongest  evidence   that 
molecules  of  matter  have  absolutely  no  attribute  but  that  of  form.     The 
case  of  butyric  acid  and  acetic  ether  is  most  remarkable  ;  these  have  the 
same  vapour  density  and  the  same  composition,  that  is  four  atoms  of 
carbon,    eight    of  hydrogen   and   two   of  oxygen  ;    yet    one  is  entirely 
different  in  properties  from  the  other ;  the  difference   in    odour  is  es- 
pecially   marked,  butyric   acid  having  tlie   disgusting  smell  of   rancid 
butter,    while  acetic  ether    has   the  pleasant    fruity    smell    of  apples. 
Passages    from   Professor  Cooke's  work  on  the    New    Chemistry   were 
read  in    support  of    the   theory    that    molecular    structure    determines 
the    difference    between    these    compounds ;    although  they   have   the 
same  composition,  the  atoms  in  one  are  not  linked  as  in  the  other.     The 
theory  which  considers  atoms  of  matter  as  being   endovved  with  spirit 
life    was    reviewed,    as    well  as  the    single   argument    against   it    that 
there  is  absolute  uniformity  among  the  atoms  of  any  given  element ; 
an  atom  of  hydrogen  here  is  precisely  the  same  as  an  atom  of  hydrogen  in 
some  distant  star,  and  this  admits  of  direct  proof  by   the  spectroscope. 
It  was  held  to  be  too  great  a  demand  upon   Creation  to   endow   every 
atom  of  hydrogen  in  the  universe  with  the  same  spirit  life  or  power. 
Experience  teaches  that  Mind  never  acts  twice  in  exactly  the  same  way, 
and  Nature  always  accomplishes  her  work  in  the  easiest  manner  possible. 
The  connection  between  life  and  matter  was  briefly  referred  to  ;  it  was 
stated   that  Man  has  made    no  progress  in    the    investigation    of   the 
phenomenon  of  life  since  the  dawn  of  Creation ;  definitions  of  life  are 
quite  unsatisfactory,  particularly  the  one  which  states  that  an  organism 
lives  because  it  constantly  adapts  itself  to  its  environment.     The  dead 
•organism    does  that  also,  chemical  action  never  ceases.     It  was  held, 
however,  that  it  would  meet  observed  facts  to  say  that  life  ceases   to  be 
when  a  certain  molecular  arrangement  of  the  organism   is   disturbed. 
The  action  of  poisons  was  instanced,  particularly  prussic  acid,  the  mole- 
cule of  which  is  composed  of  one  atom   each   of  the   harmless  elements, 
hydrogen,  carbon,  nitrogen.     Yet,  when  these  three  are  combined,  their 
structure  is  such  that  a  most  minute  quantity  causes  death  instantly. 
This  was  thought  to  be  the  result  of  the  peculiar  form  of  the  molecule, 
and  the  consequent  power  it  had  to  destroy   the   normal   shape   of  the 
molecules  of  the  living  tissues.     In  concluding,  Mr.  Lindsay  said,  there 
is  no  reason  to   doubt  that  Science  will   vet  fathom  everv  law  in  the 
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physical  world,  but  that  the  line  is  sharply  defined  beyond  which  we  can 
never  expect  to  pass,  and  that  he  believed  that  if,  in  the  future,  some 
philosopher  should  announce  the  law  which  governs  all  these  mysteries  in 
Nature,  it  will  most  probably  be  a  law  so  simple  that  a  child  may  under- 
stand it. 

Considerable  discussion  followed  the  reading  of  the  paper.  Mr.  J. 
Van  Sommer  very  graphically  described  the  Howard  Theory  of  Atomic 
Energy,  the  various  properties  of  molecules  being  supposed  to  depend 
upon  their  motions  of  rotation  and  oscillation,  and  showed  how  differ- 
ently shaped  molecules  would  result  from  a  combination  of  atoms  of  the 
same  shape,  but  having  different  motions.  Mr.  Robert  Dewar  referred 
to  the  theory  of  spirit  life  in  the  elementary  atoms,  and  said  that  the 
chemist,  working  in  the  laboratory,  is  brought  so  directly  face  to  face 
with  the  mysteries  of  chemical  action  that  he  does  really  feel  he  is  look- 
ing upon  matter  endowed  with  volition.  He  stated  also  that  many  of 
the  most  gifted  physicists  of  the  day  find  a  difficulty  in  rejecting  alto- 
gether the  theory  that  there  is  something  more  than  purely  physical 
force  at  work  among  the  atoms  of  matter.  Mr.  G.  B.  Musson  also  took 
Dart  in  the  discussion. 


TWENTY-FIRST  MEETING. 

October  31st;  Dr.  Larratt  W.  Smith,  Q.O.,  Vice-President,  in  the 
chair.  The  meeting  was  unusually  well  attended.  Mrs.  Ella  Bogart, 
of  Belleville,  was  elected  an  Associate-Member.  Encouraging  and  cor- 
dial letters  were  read  from  Miss  Agnes  M.  Gierke^  of  Redcliffe  Square, 
London  ;  Mr.  J.  Ellard  Gore,  F.R.A.S.,  M.R.I.A.,  of  Ballysodare,  Ire- 
land, and  Mr.  W.  F.  Denning,  F.R.A.S.,  of  Bristol,  England,  Corre- 
sponding Members  of  the  Society,  who  each  transmitted  a  paper  to  be 
read.  In  a  circular.  Rev.  T.  E.  Espin,  F.R.A.S.,  of  Tow  Law,  England, 
announced  that  a  fine  red  star  (observed  at  R.  A.  20h.  46m.  59s.,  and 
N.  D.  46°  and  47m.),  is  a  variable,  and  was  then  fading. 

Under  the  head  of  observations,  Mr.  A.  F.  Miller  and  Mr.  A.  Elvins 
referred  to  the  large  sunspot,  visible  to  the  naked  eye,  which  passed 
off  the  solar  disc  October  28th.  Mr.  Arthur  Harvey  described  a  pecu- 
liar aurora  observed  by  him  at  Manitowaning  on  the  7th  of  October. 
Messrs.    J.    R.    and    Z.    M.     Collins    exhibited    several    photographs. 
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including  one  of  the  full  INIoon,  very  sharp  and  clear.  Dr.  J.  C. 
Donaldson,  of  Fergus,  reported  an  interesting  series  of  observations 
upon  the  Moon,  some  close  double-stars,  and  the  satellites  of  Jupiter. 
Mr.  Harvey  presented  a  small  stone  sent  to  him  from  a  distance  as  an 
aerolite,  but  which  had  proved  to  be  a  nodule  of  iron-pyrites.  He  said 
he  had  been  informed  that  a  meteorite  weighing  several  tons,  which  had, 
some  years  ago,  fallen  on  Cockburn  Island,  in  Lake  Huron,  had  been 
built  into  a  wharf  on  the  North  side  of  the  Island. 

After  routine,  Dr.  Smith,  the  Chairman,  with  a  few  well-chosen 
remarks,  introduced  a  feature  of  special  interest  in  the  evening's  pro- 
ceedings. He  said  that  the  Society  had  desired  to  do  honour  to  one  of 
its  most  worthy  members,  and  that  the  present  occasion  had  been 
selected  as  a  suitable  one  on  which  to  bestow  upon  that  member  some 
mark  of  appreciation,  after  which  the  ladies  would  take  charge  of 
the  meeting. 

Mr.  John  A.  Patei'son,  M.A.,  on  behalf  of  the  officers  and  members, 
then  read  the  following 

ADDRESS  : 

The  Astronomical  and  Physical  Society  of  Toronto, 

TO 

G.  E.  LuMSDEN,  Esq.,  Corresponding  Secretari/. 

Sir, — Services  well  rendered  deserve  well  rendered  thanks  ;  and  if  the  thanks 
of  this  Society  are  as  well  expressed  as  your  services  have  been  performed,  then 
indeed  may  it  be  said  that  our  expressions  are  more  than  usually  eloquent,  and 
that  they  are  prompted  by  hearts  more  than  usually  grateful.  Your  voice  has 
been  heard  in  the  councils  of  this  Society  since  its  inauguration,  and  whenever 
wise  and  sagacious  guidance  was  required,  our  experience  invariably  recalls  your 
presence  as  its  very  embodiment.  Your  contributions  to  the  astronomical  and 
physical  researches  of  the  Society  have  been  many  and  various  ;  even  in  the 
scientific  magazines  of  foreign  lands,  we  read  the  name  of  our  Society,  and  that 
name  is  a  mere  nebulous  appendage  to  your  own,  which  shines  as  the  nucleus. 
For  all  this  take  our  words  of  gratitude,  accept  our  expressions  of  praise.  But 
not  only  has  this  Society  profited  by  your  words ;  it  has  gained  much  by  your 
deeds,  as  shewn  in  the  able  and  labourious  editing  of  our  Transactions,  in  the  large 
correspondence  you  so  industriously  carry  on  for  its  benefit,  and  in  the  carefully 
prepared  published  accounts  of  our  meetings,  which  have  made  our  Society  a 
distinct  feature  of  the  scientific  character  of  our  Province — this  foremost  Province 
of  Britain's  Western  Empire.  For  these  things,  take  our  deed  of  gift.  Apprecia- 
tive words  are  jewels  gathered  up  from  the  yesterdays  of  life,  and  we  offer  these 
to  you.     The  yesterdays  of  our  Society  through  you  have  been  made  bi-ighter  and 
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happier.  This  gift  is  an  appreciative  act  with  which  to  make  the  to-morrows  of 
your  life  more  joyous,  and  thus  your  past,  present  and  f utu  re  days  have  our 
appreciation  living  throughout  them.  We  have  some  members  who  are  self- 
luniinoxis,  others  of  us  from  our  thought-discs  only  act  as  good  reflectors  ;  mayhap 
in  the  future,  by  a  continual  absorption  of  light- waves,  we  may  all  be  like  you, 
self-luminous — although  we  do  not  recall  any  physical  law  which  is  the  exact 
counterjiart  of  this.  But  not  only  that ;  your  regular  attendance  at  our  meetings 
convinces  the  observer  that  you  must  revolve  in  a  circle  of  perpetual  apparition. 
Modesty  is  a  noted  attribute  of  Science  ;  we  know  that  because  we  know  you,  and 
we  have  some  knowledge  of  ourselves  but  an  uncompromising  devotion  to  Truth  is 
also  a  noted  attribute  of  Science,  and  that  must  be  our  apology  for  expressing  our 
minds  to  you  so  freely,  even  if  it  may  cause  you  some  emVjarrassment.  When 
deciding  upon  the  form  of  our  gift  we  had  in  mind  the  estimable  lady  who  makes 
your  house  into  a  home,  and  whose  path  does  not  as  often,  as  that  of  her  binary, 
make  a  node  at  the  place  of  our  meetings.  In  conclusion,  we  trust  that  the  golden 
sands  of  your  life,  and  of  her  life,  may  flow  joyfully  onwards,  and  that  the  glass 
of  Time  that  day  by  day  makes  your  life  record  may  be  often  turned  by  Him 
whose  name  is  Love,  who,  while  tenderly  guiding  us  here,  yet  omnipotently  sways 
the  Universe  everywhere,      i  ours  very  sincerely, 

Charles  Carpmael,  President. 
Larratt  W.  Smith,  D.C.  L.,  Vice-President. 
John  A.  Paterson,  M.A.,  Vice-President. 
Charles  P.  Sparling,  Recordimj  Secretary. 
James  Todhunter,  Treasurer. 

As  Ml'.  Paterson  concluded  the  Address,  the  Chairman  uncovered, 
and,  amid  applause,  formally  jtresented  to  Mr.  Lumsden  a  beautiful 
silver  urn  and  a  silver  inkstand,  specially  selected  by  a  Committee.  These 
handsome  gifts  bore  suitable  inscriptions,  which  were  also  read. 

Mr.  G.  G.  Pursey  also  read  a  short  Address  in  verse  in  the  form  of 
an  acrostic,  which  was  most  suitable  to  the  occasion,  and  which  was 
warmly  received  by  the  members.  Mr.  .1.  A.  Copland,  by  letter,  ex- 
pressed his  high  appreciation  of  Mr.  Lumsden 's  labours  in  giving  to  the 
public  from  time  to  time  information  which  very  materially  assisted  the 
amateur  engaged  in  astronomical  work. 

lu  reply  to  the  Address,  and  in  returning  his  heartfelt  thanks  for 
the  manner  in  which  it  i^eferred  to  himself  and  to  his  wife,  who  had 
been  of  the  greatest  assistance  to  him  in  his  work,  and  who  deserved  all 
that  was  said  of  her,  Mr.  Lumsden  explained  that  when,  by  the  merest 
accident,  he  learned  that  the  event  then  transpiring  was  in  contempla- 
tion, he  protested  that  if  the  Society  felt  it  to  be  fitting  to  make  some 
acknowledgment  of  services  it  was  good  enough  to  regard  as  useful,  he 
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Avould  be  more  than  satisfied  if  the  expression  of  acknowledgment  took 
the  form,  as  hitherto,  of  a  few  words,  or,  at  most,  of  a  resolution  to  go 
on  the  Minutes,  and  that  he  would  be  equally  gratified  if  the  tangible 
portion  of  the  acknowledgment  consisted  of  some  book  or  instrument  to 
become  the  property  of  the  Society  for  the  use  of  its  members.  But 
he  found  that  the  projected  presentation  had  passed  the  stage  at  which 
changes  could  be  made.  Since  then  he  had,  with  many  misgivings,  been 
looking  about  for  something  meet  to  say  for  himself  on  that  occasion. 
The  more  he  had  looked  about  the  greater  had  gi'own  his  difficulties. 
That  he  had  tried  to  serve  the  Society  was  true,  but  he  could  not  con- 
vince himself  that  he  had  succeeded  in  serving  it  so  well  as  to  deserve, 
even  in  the  remotest  degree,  the  warm  expressions  of  appreciation  intro- 
duced into  its  far  too  flattering  Address.  Assuredly  he  had  not  de- 
served any  tangible  tokens  of  their  kind-heartedness;  nay,  for  anything 
he  had  done,  or  tried  to  do,  he  had  been  already  thrice  rejjaid.  In  the 
first  place,  the  honourable  office  conferred  upon  him  had  enabled  him  to 
experience  the  pleasure  of  correspondence  with  kindly  men  and  women  of 
high  scientific  attainments,  who,  as  was  to  have  been  expected,  had  been 
courteous  and  forbearing  to  him  and  eminently  sympathetic  in  so  far  as 
the  objects  and  aims  of  the  Society  were  concerned.  In  the  second  place, 
partly  owing  tu  the  office  he  had  held,  he  had  been,  for  his  own  sake,  com- 
pelled, not  always  he  apprehended  with  the  best  results,  to  make  of  Astro- 
nomy a  much  more  serious  study  than  otherwise  might  have  been  the  case. 
While,  in  the  third  place,  he  had  become  intensely  interested  in  and,  he 
hoped,  profited  by,  a  species  of  mental  relaxation  of  a  most  inspiring, 
elevating,  and,  therefore,  valuable  kind.  The  older  he  grew,  the  more 
did  he  believe  that  every  one,  be  his  or  her  duties  what  they  might,  was 
the  better  for  some  intellectual  relaxation  of  the  character  to  which  he 
referred.  There  appeared  to  him  to  be  nothing  so  wearing  as  a  ceaseless 
daily  "grind"  at  one  and  the  same  wheel,  or  round  of  daily  work.  He 
had  heard  from  others  what  lie  now  said  for  himself,  paradoxical  as 
it  might  seem  to  some,  that  after  business-hours  the  mind  is  often,  if 
not  always,  rested  by  being,  for  a  reasonable  time,  actively  employed  in 
some  manner  or  pastime  that  is  peculiarly  agreeable.  Relaxation  might 
be  found  in  some  one  of  the  many  avenues  open  to  everybody.  One 
might  find  it  in  music,  another  in  painting,  another  in  reading  in  some 
favourite  subject  and  in  reflection,  another  in  the  works  of  benevolence, 
and  yet  another  in  some  one  of  the  almost  innumerable  fields  of  scientific 
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investigation  within  the  reach  of  amateurs.  Of  these  fields,  he  knew  of 
none  more  inviting  than  those  of  Astronomy  and  of  Astro-Physics.  He 
knew  of  none  more  elevating  in  influence  and  surroundings  ;  of  none  more 
attractive,  if  only  from  the  side  of  the  ^Mysterious,  a  side  which  ever  finds 
a  response  in  the  human  breast ;  of  none  really  more  easily  accessible, 
if  approached  from  the  right  direction.  Having  entered  upon  one  of 
these  fields  (though  but  a  little  distance  truly),  he  repeated  that  he  had 
been  already  more  than  repaid  for  what  he  had,  in  good  earnest,  tried 
to  do.  He  had  heard  others  declare  that  an  evening  spent  at  the  tele- 
scope, or  over  some  astronomical  task,  had  often  refreshed  a  oiind  weary 
with  the  performance  of  daily  duties,  and  lie  believed  this  would  be 
found  to  be  true  of  every  one  who  took  up  Astronomy  as  an  intellectual 
recreation.  Of  a  truth  it  seemed  to  him,  if  there  were  a  debt  of  grati- 
tude resting  anywhere,  it  was  on  his  side  and  not  on  the  side  of  the 
Society.  So  that,  under  these  circumstances,  he  was  much  touched  by 
their  too  kind  words.  More,  he  was  encouraged  by  them,  and  there- 
fore, in  the  future,  so  long  as  he  was  enabled  to  do  so,  he  would  strive 
more  than  ever  to  merit  some  little  portion  of  the  praise  accorded  to 
him.  After  their  markedly  handsome  treatment,  it  would  be  little 
creditable  to  him  were  he  even  by  implication  to  permit  anyone  not 
familiar  with  their  work  to  leave  the  room  under  the  impression  that 
he  was  willing  it  should  be  thought  that  to  him  in  any  special  degree 
was  due  the  prosperous  condition  of  the  Society,  for  the  contrary  was 
true.  That  the  Society  occupied  an  enviable  position  he  trusted  all  would 
agree.  That  it  was  doing  a  good  work  and  was  awakening  a  widespread 
interest  in  Astronomy  and  Astro-Physics,  would,  he  thought,  be  readily 
admitted,  for  there  was  evidence  of  this  at  every  meeting.  That  it  had 
made  a  fairly  creditable  appearance  in  the  Observatories  and  Sister 
Societies  of  two  continents,  went,  he  hoped,  without  saying.  But  this 
was  due  not  to  one  of  them  (certainly  not  to  him),  but  to  them  all. 
Hearty  co-operation  had  distinguished  every  one.  Business  ability,  tact 
and  judgment  had  Vjeeu  manifested  on  every  side.  Few  scientific  socie- 
ties even  of  a  popular  character  could  boast  the  energy,  the  steady  pur- 
pose, or  the  cheering  attendance  at  their  meetings  that  characterized  the 
assemblages  of  this  Society.  All  this  had  been  the  result  of  united  efibrt. 
By  the  wisdom  and  distinguished  administrative  ability  that  had  marked 
the  occupants  at  all  times  of  the  chair  of  the  presiding  officer,  whether 
in  the  Society  or  in  Council ;   by  the  arduous  services  rendered  at  the 
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Recording  Secretary's  desk  ;  bv  the  patient  services  rendered  in  the 
Library  ;  by  the  able  services  rendered  in  the  conducting  of  their 
finances  ;  by  the  ardent  interest  constantly  taken  by  every  one  in  the 
proceedings  of  the  Society  ;  by  the  papers  which  had  been  read  and  by 
other  means  highly  creditable  to  the  Society  as  a  body,  and  to  each  indi- 
vidual member,  the  Society  found  itself  comfortably  housed  and  able  to 
do  work  and  to  issue  Reports  which  had  been  commended  in  high  quar- 
ters, and  which,  it  was  trusted,  would  be  succeeded  by  others  still  more 
calculated  to  add  to  the  Society's  prestige  abroad  as  well  as  at  home. 

Under  the  auspices  of  the  ladies,  the  proceedings  were  brought  to  a 
close  in  a  very  fitting  manner,  coSee,  cake  and  other  refreshments  being 
served  to  the  members  of  the  Society  and  their  friends  and  a  very  plea- 
sant hour  being  spent  in  social  intercourse. 


TWENTY-SECOND  MEETING. 

November  14th;  Mr.  E.  A.  Meredith,  LL.D.,  in  the  chair.  A. 
Sinclair.  M.A.,  and  Mrs.  F.  Merrishaw,  of  Toronto,  were  elected  Active 
Members.  As  some  evidence  of  the  increasing  interest  taken  in  Astro- 
nomy, it  was  stated  that  Miss  Sarah  L.  Taylor  had  recently  been  invited 
by  the  Toronto  Woman  Teachers'  Association  to  speak  on  the  subject ; 
that  Mr.  G.  G.  Pursey  would  address  an  open  meeting  to  be  held  under  the 
auspices  of  a  Benevolent  Order  ;  that  Mr.  J  A.  Paterson,  M.A.,  would  read 
a  paper  before  a  Society  in  Deer  Park ;  that  the  Society  would  take  charge 
of  an  open  meeting  shortly  to  be  held  by  The  Young  Women's  Guild  ; 
that,  in  compliance  w4th  suggestions  made  from  time  to  time  by  the 
Society,  and  a  demand  from  the  public  for  fuller  information.  The  Canaxlian 
Almanac  for  189-1  would  contain  some  twenty -five  pages  of  matter 
intended  to  be  of  use  to  amateurs,  and  that  the  Society  was  gratified  at 
the  publication  of  this  material,  to  be  added  to  as  required,  because 
these  predictions  would  fall  into  the  hands  of  thousands  of  people  it 
could  never  hope  to  reach  by  its  Annual  Reports,  from  which,  for  the 
present  at  least,  would  be  excluded  the  Tables  published  the  last  two 
years.  Mr.  J.  Yon  Soramer  read  a  letter  from  the  Seci-etary  of  The 
Victoria  Institute,  London,  England,  inviting,  on  behalf  of  Sir  George 
Stokes,  the  President,  the  Society  to  become  an  Associate-Member  of 
the  Institute.  Mr.  J.  A.  Copland  was  appointed  British  and  Foreign 
14 
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Correspondent  of  the  Society,  the  editors  of  certain  magazines  having 
asked  to  be  regularly  supplied  with  reports  of  the  Society's  proceedings. 
Several  members  reported  having  observed  for  Leonid  meteors  on  the 
night  of  the  13th,  but  with  poor  success.  Dr.  Lari-att  W,  Smith  and 
Dr.  Meredith  each,  however,  saw  a  very  bright  meteor ;  that  of  Dr, 
Smith  rivalled  Jupiter  in  brilliance.  Mr.  Thomas  Lindsay  made  some 
interesting  remarks  upon  and  described  some  experiments  in  magnetism, 
the  result  of  the  discussion  at  a  recent  meeting.  In  reply  to  Mr. 
Arthur  Harvey,  the  Chairman  stated  that  he  had  carefully  examined  the 
reports  of  the  Toronto  Observatory  to  ascertain  whether  there  was 
periodicity  in  so  far  as  wet  weather  was  concerned.  He  had  failed  to 
find  evidence  that  was  definite,  but  there  appeared  to  be  some  to  support 
the  theoiy.  The  subject  had  been  brought  forward  at  Chicago,  and 
warmly  debated,  but  withovit  satisfactory  result.  Mr.  Lindsay  suggested 
that  an  examination  of  the  statistics  of  many  years  might  show  there 
was  a  ten-year  or  even  longer  period.  Following  up  the  subject,  Mr. 
Harvey  said  he  understood  there  was  a  theory  that  in  order  to  secure  good 
harvests,  seeds  should  be  planted  while  the  Mopn  is  waxing.  Mr.  J. 
Von  Sommer  and  others  spoke  on  the  subject.  Observations  on  the 
Sun,  Jupiter,  and  some  stars,  and  an  aurora,  visible  November  1st,: 
were  received  from  Dr.  Donaldson,  of  Fergus. 

It  was  announced,  that  a  large  nuiuber  of  replies  had  been  received 
from  all  over  the  world  to  the  question  asked  by  The  Canadian  Institute 
and  The  Astronomical  Society,  relative  to  changing  the  beginning  of  the 
astronomical  day. 

After  an  unusual  number  of  ])redictions  had  been  announced,  Mr.- 
W.  B.  Musson,  by  i-equest,  read  the  following  paper  on 

THE     DISTANCE    OF    THE    NEBUL.E, 

contributed  by  Miss  Agnes  M.  Clerke,  a  Corresponding  Member  of  the 
Society. 

Sidereal  science  has  scarcely  yet  fairly  grap})led  with  the  problem 
presented  by  the  distances  of  the  shining  bodies  projected  indiscrimi- 
nately upon  the  face  of  the  sky.  It  is  indeed  a  most  arduous  one.  The 
heavens  are  of  such  abysmal  depth  that  they  nearly  everywhere  defy  our 
utmost  efforts  at  sounding  them.  About  a  score  of  stars,  however,  are 
known  with  tolerable  certainty  to  send  their  light-messages  to  us  in 
periods  comprised  between  four  and  twenty  }ears  ;  and  at  least  as  many 
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others  seem  to  be  not  more  than  twice  as  i-emote.  But  the  distance  of 
no  nebula  has  been  even  api)roximately  determined.  Triangulating 
experiments  have  so  far  been  completely  baffled  by  the  apparent  insen- 
sibility of  such  objects  to  the  perspective  effects  of  the  earth's  perennial 
journeyiiigs  round  the  sun.  They  lend  themselves,  it  is  true,  with  great 
difficulty  to  such  experiments  ;  and  negative  results,  though  instructive, 
are  not  inspiriting.  Consequently,  very  few  trials  have  yet  been  made. 
Measurements  of  nebula?  for  such  a  purpose  are  both  difficult  and 
insecure.  They  can  only  in  fact  be  attempted  u})on  such  of  them  as 
possess  sharp  central  condensations.  Otlier  embarrassments  supervene. 
The  measurements  can  only  be  carried  out  with  reference  to  one  or  more 
stars  external  to  the  nebula  ;  and  there  can  be  no  certainty  that  the 
stars  chosen  are  really  independent.  Small  stars  in  the  vicinity  of 
nebula?  are  often,  there  is  reason  to  suspect,  })hysically  associated  with 
them ;  and  no  means  are  at  present  available  by  which  to  discriminate^ 
between  those  that  are,  and  those  that  are  not,  bound  by  such  ties.  The 
only  safe  criterion  would  be  proper  motion.  If  a  nebula  could  be  found 
to  move  onward  across  the  sky  irrespectively  of  the  surrounding  stars^ 
then  no  doubt  would  remain  of  its  total  detachment  from  them.  But 
no  nebula,  with  the  exception  of  those  involving  the  Pleiades,  has  an. 
ascertained  proper  motion  ;  hence,  the  systemic  connections  of  cosmical 
clouds  are  undefined  ;  and  attempts  to  elicit  from  them  signs  of  paral- 
lactic shifting  relative  to  neighbouring  stars  may  chance  to  be  no  les* 
futile  than  labour  bestowed  upon  di'awing  water  in  a  sieve. 

Moreover,  certain  indications  of  nearness  to  the  earth  as  regards  stars 
are  all  but  completely  absent  in  the  case  of  nebula?.  Thus,  rapidly 
moving  stars  are  apt  to  have  measurable  parallaxes  ;  but  nebula^,  since- 
they  do  not  visibly  travel  either  fast  or  slowly,  stand,  in  this  respect,  all 
at  the  same  zero-level.  Again,  wide  stellar  pairs  in  brisk  mutual  circu- 
lation intimate  their  comparative  vicinity  to  ourselves.  Double  nebulae, 
however,  although  sufficiently  2)lentiful,  preserve  an  inflexible  rigidity 
of  relative  position.  Revolving  nebulous  systems  are  unknown.  Then 
the  brightness  of  nebula?,  unlike  that  of  stars,  is  independent  of  distance. 
A  luminous  surface  retains  its  intrinsic  lustre  unchanged  however  far 
back  it  may  be  thrust  into  space.  It  shows,  of  course,  smaller  in  propor- 
tion to  the  inverse  square  of  the  distance,  the  sum  total  of  light  received 
from  it  diminishing,  accordingly,  by  the  same  gradations  ;  but  an  equal 
apparent  area   shines   always    with  unchanged   brightness.       The  only 
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criterion  left  is  that  of  extent ;  and  it  is  a  very  dubious  one.  Yet  the 
chance  of  success  in  a  search  for  parallax  is  certainly  better  with  a  large, 
than  with  a  small  object  of  the  same  kind,  especially  if  it  shows  distinct 
structure. 

These  conditions  are  fulfilled  by  the  "  great  round  planetaiy  "  in 
Draco,  numbered  G543  in  Dreyer's  New  General  Catalogue.  Its  dia- 
meter is  nearly  one-fiftieth  that  of  the  full  Moon  ;  signs  of  a  screw- 
like, or  "  helical "  conformation  were  clearlj^  recognized  in  it  by 
Pi'ofessors  Holden  and  Schaeberle,  and  an  eleventh  magnitude  star 
stands  in  an  evidently  nuclear  relation  to  the  convolutions  diversifying  its 
sea-green  disc.  To  measure  the  star  is  then  to  measure  the  nebula,  and 
its  perfect  sharpness  renders  accuracy  in  so  doing  feasible.  That  this 
central  point  of  light  is  no  mere  nebulous  condensation  is  shown  by  its 
genuinely  stellar  spectrum,  distinguishable  as  a  varie^^ated  thread  crossed 
by  the  three  green  lines  from  the  surrounding  gaseous  area. 

The  object  thus  constituted  has  been  subjected  to  various  trials  for 
parallax,  an  external  tenth  magnitude  star  162"  from  its  centre,  serving 
in  each  case  as  a  refereuce-point.  But  without  result.  No  inference 
was  possible  from  a  comparison  of  the  measures  executed  by  D'Arrest, 
at  Copenhagen,  by  JBriinnow  at  Dunsink,  near  Dublin,  and  by  Bredichin 
at  Moscow,  except  that  of  the  indefinite  remoteness  of  the  nebula. 

The  truth  of  this  inference  can  be  otherwise  attested.  There  are 
very  few  nebulte  in  which  the  absence  of  sensible  proper  motion  is  so 
well-established  as  in  the  Draco  planetary*.  For  Lalande  happened 
to  observe  it  on  the  meridian,  July  26,  1790,  and  it  still,  after  the  lapse 
of  a  century,  occupies  the  place  in  the  heavens  which  he  then  assigned  to 
it.  Now  this  apparent  immobility  furnishes  a  direct  proof  of  remoteness. 
The  Sun,  by  its  never-ending  advance  through  space,  furnishes,  as  it 
were,  a  base-line  indefinitely  extended  by  the  mere  efflux  of  time  for 
trigonometrical  operations  upon  the  celestial  objects  around.  Thus  the 
effects  of  what  Herschel  called  their  "  secular  parallax  "  must  eventually 
be  brought  to  light,  and  even  the  imperceptibility  of  such  effects  during  a 
given  interval  supplies  a  measure  of  the  least  distance  compatible  with 
the  circumstances  of  each  case.     That  is,  provided  the  velocity  and  direc- 

*  Mr.  Burnham  believes  that  he  has  detected  signs  of  relative  motion  between 
the  central  star  of  this  nebula  and  the  star  used  for  comparison  with  it  in  paral- 
lactic determinations.  But  even  if  the  fact  prove  to  be  as  he  supposes,  the  proba- 
bility is  strong  that  the  movement  belongs  to  tlie  star,  not  to  the  nebula. 
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tion  of  the  Sun's  translation  be  approximately  known.  Accepting  Otto 
Struve's  conclusions  on  the  latter  points,  d'Arrebt  showed  in  1872,  that 
on  this  principle,  the  largest  admissible  value  for  the  annual  parallax  of 
the  nebula  in  Draco  was  about  0"07.  In  other  words,  its  distance  could 
not  well  be  less,  and  might  be  a  great  deal  more,  than  that  correspouding 
to  forty-five  years  of  light-travel.  And  his  calculation  allowed  an 
ample  margin  of  some  five  seconds  of  arc  for  uncertainties  of  observa- 
tion. 

We,  at  the  present  time,  can  push  d'Arrest's  reasoning  a  good  deal 
further  than  he  was  able  to  do.  In  the  first  place,  Struve's  estimate  of 
five  miles  a  second  for  the  speed  of  the  Sun  may  now  safely  be  doubled. 
Hence,  the  length  of  the  line  from  the  opposite  extremities  of  which  the 
nebula  was  viewed  in  1790  and  1872  respectively,  was  fully  twice  as 
long  as  d'Arrest  took  it  to  be.  On  this  ground  alone  then,  the  minimum 
distance  of  the  object  must  be  doubled.  Again,  one  hundied  and  three 
years  have  now  elapsed  since  Lalande's  observation,  yet  the  nebula  still 
remains  fixed.  The  extent  of  solar  displacement,  accordingly,  to  which 
it  fails  to  res])ond  by  the  slightest  symptom  of  apparent  mobility,  i& 
greater  in  1893  than  it  was  in  1872,  in  the  proportion  of  103  to  82. 
And  in  the  same  proportion,  evidently,  d'Arrest's  value  for  its  least 
possible  distance  must  be  enlarged.  The  upshot  of  these  corrections  is 
to  show  that  the  largest  parallax  that  can  Vje  conceded  to  this  mysterious 
object  falls  short  of  three-hundredths  of  a  second  (0"028) ;  that,  in  fact, 
a  stretch  of  at  least  116  light-years  intervenes  between  the  emission  of 
its  rays  and  their  reception  on  the  Earth.  The  grounds  of  this  inference, 
indeed,  as  d'Arrest  did  not  omit  to  remark,  would  fail  if  the  nebula 
shared  the  Sun's  motion — if  it  travelled  abreast  of  it  towards  the  same 
goal.  But  this  is  in  the  highest  degree  improbable.  All  the  more  sa 
that  the  body  is  approaching  the  Sun,  according  to  Professor  Keeler's 
determination,  at  the  high  rate  of  forty  miles  a  second.  This  very  large 
radial  component  is  likely,  on  the  face  of  it,  to  absorb  by  far  the  larger 
part  of  the  motion  inherent  in  the  nebula. 

Almostasamatter  of  course,  photogi'aphy,  the  factotum  of  Astronomy, 
has  begun  to  lend  its  aid  towards  overcoming  the  difficulties  connected 
with  nebular  parallax.  Professor  Holden  pointed  out  in  1890  that  the 
images  of  planetary  nebulfe,  obtained  with  sufficiently  short  exposures, 
are  as  small  and  as  sharp  as  stellar  images,  and  are  hence  equally  capable 
of  measurements  delicate  enough  for  the  detection  of  parallactic  shiftings 


110  The  Astronomical  and  Physical  Society  of  Toronto. 

on  the  scale  of  those  displayed  by  the  nearer  stars.  Sensitive  plates,  in 
fact,  to  which  glimpses  (comparatively  speaking)  are  permitted  of  these 
comj^lex  structures,  take  notice  only  of  the  central  stars  forming  perhaps 
their  corner  stones,  and  ignore  their  filmy  developments. 

This  promising  expedient  has  hardly  yet  received  a  fair  trial ;  for 
the  nebula  lately  experimented  upon  by  Dr.  J.  Wilsing,  of  Potsdam,  is 
not  really  planetary,  although  it  has  often  been  called  so.  Discovered 
about  four  degrees  North  of  the  famous  double-star  Gl  Cygni  by  the  late 
Prebendary  Webb  in  1879,  and  indejieudently  by  M.  Stephan,  of  Mar- 
seilles, it  closely  resembles  a  miniature  comet,  with  a  double,  imperfectly 
condensed  nucleus.  Its  catalogue  number  is  N.  G.  C.  7027.  The  main 
part  of  its  light  is  concentrated  in  the  fundamental  nebular  line,  which 
shines  with  surprising  vividness.  The  nucleus,  however,  emits  several 
additional  rays,  including  that  representative  of  the  solar  element, 
helium  ;  but  shows  only  a  very  feeble  continuous  spectrum.  It  is  thus 
still  far  ofi^  from  the  stellar  stage  attained  by  the  glittering  point  marking 
the  centre  of  the  Draco  planetary. 

Of  Webb's  nebula,  Dr.  Wilsing  obtained,  with  the  Potsdam  spectro- 
graph, between  June,  1892,  and  June,  1893,  one  hundred  and  four 
impressions  on  thirty-four  plates,  each  triply  exposed  during  eight 
minutes.  A  series  of  thoroughly  satisfactory,  because  almost  perfectly 
concordant,  measures  were  then  executed  of  the  principal  nebular  nucleus 
referred  to  two  adjacent  stars  of  the  eleventh  magnitude.  But  from  each 
of  the  pair  only  a  negative  parallax  was  derived.  The  stars,  that  is  to 
say,  appeai-ed  to  be  nearer  the  Earth  than  the  nebula,  the  latter  remain- 
ing sensibly  fixed,  while  the  objects  compared  with  it  manifested  a  trifling 
change  of  place  with  the  circling  of  the  Earth  in  its  orbit.  The  ostensible 
result  was  to  locate  one  of  the  stars  at  forty,  the  other  at  only  nineteen 
light-years'  distance  from  ourselves.  These  positive  data,  indeed,  are  far 
from  being  definitively  ascertained  ;  but  the  negative  significance  of  the 
enquiry  is  unmistakable.  The  nebula  is  shown  by  it  to  be  imnjeasurably 
remote. 

Nebular  paiallax,  then,  seems  to  be  an  unpromising  subject  for  direct 
investigation.  Yet  nebular  proper  motion  must,  in  course  of  time, 
prove  determinable.  Nebulte,  as  a  class,  are  without  doubt,  in  rapid 
movement.  The  mean  velocity  in  line  of  sight  of  eleven  measured  by 
Professor  Keeler,  comes  out  no  less  than  sixteen  miles  a  second.  And 
it  cannot  for  a  moment  be  supposed  that  they  possess,  on  the  whole,  a 


Tlie  Astr-onomical  and  Physical  Society  of  Toronto.  'Ill 

greatei'  speed  along  than  across  the  line  of  sight.  Their  motion  relative 
to  the  Sun  may  be  resolved  into  three  components,  corresponding  to  the 
thi'ee  dimensions  of  space ;  one  directed  (say  for  convenience)  towards 
or  from  the  North-pole  of  the  Heavens,  another  co-inciding  with  the  plane 
of  the  celestial  equator,  and  the  third  with  the  visual  ray.  Xow  it  may 
fairly  be  assumed  that  a  number  of  sidereal  bodies  suificient  to  give  a 
fair  average,  possess,  on  the  whole,  an  equal  velocity  along  each  of  these 
several  lines.*  We,  at  least,  are  aware  of  no  reason  for  a  systematic 
difference.  Hence,  if  a  mean  rate  of  motion  along  one  of  the  three  axes 
be  known,  an  identical  value  may  safely  be  assigned  to  that  along  each 
of  the  others.  Let  us  apply  these  considerations  to  Professor  Keeler's 
eleven  nebulte,  inadequate  though  the  number  be  for  the  balancing  of 
individualities  in  the  mode  of  travelling.  Their  average  radial  speed,  as 
just  stated,  is  sixteen  miles  a  second.  By  sixteen  miles  a  second,  then, 
they  must  also  be  considered  to  progress  North  or  South,  as  the  case  may 
be,  and  East  or  West.  Their  mean  distance  could  then  at  once  be  inferred, 
if  only  the  corresponding  angular  displacements  were  determined. 
Attempts  at  such  determinations  have,  it  is  true,  proved  unsuccessful. 
But  let  us  assume,  just  for  the  sake  of  illustration,  that  the  eleven 
nebul?e  in  question,  taken  one  with  the  others,  have  a  secular  proper 
motion  of  three  seconds  of  arc  of  declination,  and  as  much  in  right 
ascension.!  This  is  the  outside  of  what  is  probable,  yet  it  amounts  to 
saying  that  a  line  of  journey,  pursued  during  one  hundred  years  at  the 
Tate  of  sixteen  miles  a  second,  contracts,  as  viewed  from  the  mean  distance 
■of  the  nebulise,  into  the  tiny  span  of  three  seconds.  The  remoteness 
implied  is  unimaginable.  It  is  easy  to  say  that  light  spends  five  hundred 
and  eighty  years  (parallax  =  0."0056)  in  travelling  thence  to  our  eyes, 
but  the  figures  convey  little  impression.  The  mind  fails  to  grasp  the 
corresponding  idea.  Obviously,  however,  the  inchoate  systems  separated 
from  us  by  such  formidable  intervals,  must  be  constructed  on  a  scale  of 
proportionate  vastness.  A  globular  nebula,  only  10"  across,  if  placed 
at  the  distance  indicated,  would  occupy  a  sphere  600  times  wider  than 
one  that  could  be  girdled  by  the  orbit  of  Neptune,  and  should  exceed  it 
in  volume  the  cube  of  600,  or  nearly  217  million  times. 


*  The  late  Dr.   Kleiber  originated  this  method  of  ascertaining  the  average 
parallax  of  collections  of  stars.     See  Astronomische  Nachrichten,  No.  3037. 

t  Keduced,  of  course,  to  the  equator  by  multiplication  with  the  cosine  of  the 
declination. 
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But  before  these  provisional  calculations  can  be  either  accepted  or 
corrected,  much  has  to  be  done,  and  much  time  must  elaj)se.  The  pro- 
per motions  of  the  nebulae  cannot,  like  their  radial  velocities,  be  deter- 
mined ofF-hand.  Professor  Keeler's  success  in  the  latter  department, 
howevei-,  lends  fresh  hope  and  interest  to  investigations  in  the  former. 
The  precise  measurements,  for  instance,  of  a  considerable  number  of 
nebulae,  lately  executed  by  Mr.  Burnham  and  l)r.  Spitaler  with  the 
great  refractors  of  Lick  and  Vienna,  respectively,  as  well  as  by  Professor 
O.  Stone  at  the  Leander  McCormick  Observatory,  may  in  a  few  decades 
begin  to  bear  fruit.  Their  repetition  by  astronomers  of  the  next  gene- 
ration is  not  unlikely  to  disclose  incipient  traces  of  genuine  progress 
across  the  sphere.  As  these  develop  and  certify  their  character,  knowledge 
regarding  the  scale  of  the  Universe  will  become  extended  and  solidified. 

It  would  be  hazardous  (to  say  the  least)  to  assert,  at  the  present 
initial  stage  of  enquiry,  that  nebulae  are  absent  from  the  region  of  space 
occupied  by  the  thi-ee  or  four  hundred  stai-s  nearest  to  our  system  ;  yet 
there  are  some  grounds  for  holding  that  this  may  really  be  the  truth. 
For  Professor  Kaptejn  has  shown  that  the  Sun  is  placed  within  a  cluster 
mainly  composed  of  solar  stars — of  stars,  that  is  to  say,  belonging  to  the 
second  spectral  type  ;  and  no  instance  has  yet  been  adduced  of  the  asso- 
ciation of  solar  stars  with  nebulai.  An  intimation  seems  thus  to  be 
conveyed  to  us  that  we  are  placed  in  a  non-nebvilous  region  of  the 
Universe,  far  beyond  the  boundaries  of  which  lie  the  vast,  unsubstantial 
masses  more  or  less  dimly  descried  in  our  telescopes.  Everything, 
indeed,  leads  us  to  suspect  the  prevalence  of  varieties  of  organization  in 
the  different  parts  of  the  sidereal  world — varieties,  however,  emphasizing 
rather  than  impairing  the  fundamental  unity  in  which  the  Unity  of  the 
Maker  is  dimly  reflected. 

After  some  discussion,  Mr.  Arthur  Harvey  said  that  while  it  was, 
iu  a  sense,  against  the  rule  that  a  member  should  not  be  given  a  vote  of 
thanks  for  a  paper,  he  was  sure  that  in  the  case  of  a  lady,  of  a  lady  so 
distinguished,  and  one  who  had  afibrded  them  so  much  pleasure,  not 
alone  by  the  merits  of  her  paper,  but  also  by  the  clearness  and  felicity 
of  style  which  made  all  her  writings  and  her  larger  works  so  attractive 
to  the  student,  he  would  be  allowed  to  move  that  a  vote  of  thanks  be 
tendered  to  Miss  Gierke  for  her  admirable  paper.  Mr.  Thomas  Lindsay 
in  seconding  the  motion,  reminded  the  Society  that  the  contribution  of 
such  a  paper  was  no  small  compliment.  The  motion  was  carried  with 
applause. 
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TWENTY-THIRD  MEETING. 

November  28th;  Mr.  E.  A.  Meredith,  LL.D.,  in  the  chair.  From 
Kev.  T.  E.  Espin,  F.R.A.S.,  was  received  a  report  respecting  the  dis- 
covery of  variability  in  certain  stars  which  had  been  under  examination 
at  his  Observatory  in  Tow  Law,  England.  Owing  to  cloudy  weather 
chiefly,  no  observations  were  reported.  It  was  impossible  to  state 
whether  there  had  been  a  shower  of  meteors  visible  on  the  27th,  heavy 
continued  rain  having  entirely  prevented  observation.  Adverting  ta 
some  remarks  upon  a  previous  occasion  regarding  the  proper  time  for  the 
sowing  of  seed.  Dr.  Meredith  said  "  Mr,  Harvey  referred  to  the  belief,, 
prevalent  in  some  countries,  and  especially  among  Teutonic  races,  that 
seed  should  be  sown  when  the  Moou  is  waxing — not  when  it  is  waning. 
The  question  was  asked  if  Virgil,  in  his  Georgics,  said  anything  on  this 
point.  I  promised  to  look  up  the  matter.  In  the  opening  lines  of  the 
Georgics,  I  find  Virgil  proposes  to  treat  of  the  proper  times  for  sowing 
seed  and  planting  trees.  He  tells  us  that  the  farmer  should  watch  the 
constellations,  and  the  risings  and  settings  of  the  stais  as  carefully  as  the 
sailor,  that  the  position  of  the  Sun  in  the  zodiac  determined  messis  diem 
tempus  qui  secundi,  i.  e.,  the  times  of  harvest  and  the  season  for  sowing. 
In  other  words,  the  proj)er  time  for  sowing  seed  was  regulated  solely  by 
the  Calendar.  In  one  passage  only,  so  far  as  I  can  find,  is  any  reference 
made  to  the  Moon  (I  Geo.  c.  276),  where  he  says  that  the  fifth  day  after 
New  Moon  was  unlucky,  while  the  sev'enteenth  was  lucky  for  planting 
the  vine  and  other  things."  Translations  of  these  passages  were  read  by 
Dr.  Meredith. 

Mr.  \V.  B.  Musson,  referred  to  an  article  on  Nova  Aurigae,  recently 
contributed  by  Dr.  Holden,  Director  of  the  Lick  Observatory,  to  The 
Forum,  and  called  especial  attention  to  the  assertion  that  observation 
indicated  that  the  star  was  being  resolved  into  a  nebula.  Mr.  A.  F. 
Miller,  briefly  reviewed  the  history  of  this  celestial  object,  and  pointed 
out  that  associated  with  it  were  some  novel  and  very  peculiar  features,,  ■ 
not  the  least  interesting  of  which  was  the  fact  that  its  spectrum  before 
it  faded  away  was  different  to  the  spectrum  shown  now  that  it  had 
brightened  again,  there  being  lines,  the  meaning  of  wdiich  was  not  clearly 
understood.  As  a  result  of  changes  in  the  appearatice  and  in  the  spectra 
of  the  Nova,  certain  very  ingenious  theories  with  regard  to  it  would 
have  to  be  materially  modified,  if  not  abandoned  altogether. 
15 
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Mi\  T.  S.  H.  Shearmen,  of  Brantford,  sent,  as  an  addition  to  the 
Society's  Collection,  an  excellent  photograph  of  the  house  in  and  around 
which  Professors  A.  M.  and  A.  G.  Bell  conducted  the  experiments  which 
resulted  in  the  perfecting  of  the  principle  underlying  the  telephone. 

By  request,  Mr.  C.  A.  Chant,  B.A.,  i-ead  the  following  paper  on 

THE    LUMIXIFEUOUS    ETHER, 

contributed  by  Mr.  J.  EUard  Gore,  F.Pt.A.S.,  M.R.I. A.,  a  Corresponding 
jNIeuiber  of  the  Society. 

The  hypothesis  that  light  is  transmitted  by  means  of  wave  motion — 
«  theory  now  universally  accepted — evidently  necessitates  the  hypothesis 
of  a  medium  in  which  these  waves  are  j)ropagated  through  space.  Vari- 
ous views  of  the  constitution  of  this  medium— known  as  the  luminiferous 
ether — have  been  advanced  by  eminent  physicists.  Some  of  the  pro- 
perties attributed  to  this  hypothetical  fluid  are  so  anomalous  that  it  i.s 
almo.st  impossible  for  the  mind  to  conceive  the  existence  of  such  a 
medium.  Sir  John  Herschel  says  ;  "  Every  plienomenon  of  light  points 
strongly  to  the  conception  of  a  solid  rather  than  a  fluid  constitution  of 
the  luminiferous  ether,  in  the  sense  tlint  none  of  its  elementary  molecules 
<ire  to  he  snpjyosed  caj^ahle  of  intercJuingvug  places,  or  of  bodily  transfer 
to  any  measurable  distance  from  their  special  and  assigned  localities  in 
the  universe."  The  famous  Dr.  Young  also  says  :  "  The  luminiferous 
«ther  pervading  all  space  is  not  only  highly  elastic,  but  absolutely 
solid." 

Now,  as  our  finite  minds  cannot  gi'asp  the  idea  of  a  solid  which  is 
impalpable  to  touch,  and  invisible  to  our  sight — as  the  ether  evidently 
is — any  theory  which  would  relieve  us  from  the  necessity  of  imagining, 
or  rather  trying  to  imagine,  such  an  anomalous  substance  should  be  very 
acceptable.  Such  a  theory  was  advanced  a  few  years  since  by  Professor 
de  Volson  Wood,  and  as  his  views,  which  are  very  carefully  worked 
out,  seem  to  be  mathematically  sound,  some  account  of  his  hypothesis 
may  prove  of  interest  to  the  reader. 

Professor  Wood  assumes  that  the  ether  is  gaseous  in  its  nature,  and 
consequently  molecular  in  structure,  a  conception  evidently'  more  pro- 
bable than  the  hypothesis  which  ascribes  to  it  the  properties  of  a  solid. 
He  starts  with  two  assumptions,  both  of  which  are  known  to  be  true. 
These  are,  that  light  is  transmitted  through  space  with  a  velocity  of 
186,300  miles  per  second,  and  that  the  ether  also  transmits   133  foot- 
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jiounds  of  heat  energy  per  second  per  square  foot  from  tlie  Sun  to  the 
Earth.  There  is  no  doubt  whatever  as  to  the  velocity  of  light,  which 
has  been  determined  by  various  methods,  all  of  wliich  give  results  in 
close  agreement.  With  reference,  however,  to  the  heat  energy  trans- 
mitted from  the  Sun  to  the  Earth,  Herschel  found  71  foot-pounds,  and 
Sir  William  Thomson  (now  Lord  Kelvin)  assumed  83-5  foot-pounds  per 
second  in  his  calculations  with  reference  to  the  density  of  the  ether. 
Recent  researches,  however,  by  Professor  Langley.  show  that  the  value  is 
considerabh"  higher,  and  his  results  indicate  the  number  133,  the  value 
adoj)ted  by  Professor  Wood.  I  may  here  remark  that  any  theory  which 
takes  into  account  the  limited  velocity  of  light — for,  although  very  high, 
the  velocity  is  evidently  limited — commends  itself  at  once  to  our  favour- 
able consideration.  For  no  other  theory  of  the  constitution  of  the  ether 
attempts  to  explain — so  far  as  1  know — the  limited  velocity  of  light. 
Were  the  ether  an  absolutely  perfect  tiaid — as  some  theories  suppose  it 
to  be — we  might  reasonably  expect  that  the  velocity  of  light  would  be 
infinite,  or  in  other  words,  that  its  propagation  through  space  would  be 
instantaneous.  The  fact  that  tliis  is  not  so  suggests  that  the  velocity  is 
limited  by  the  constitution  of  the  ether,  in  the  same  way  that  sound  is 
limited  in  velocity  by  the  constitution  of  the  Earth's  atmosphere,  or  of 
the  substance  along  which  the  sound  is  conducted. 

Starting  with  the  above  two  assumptions.  Professor  Wood  computes 
from  the  known  }iroperties  and  laws  of  gases  that  the  density  of  the  ether 
is  such  that  the  weight  of  one  cubic  foot  is  a  fraction  of  a  pound  repre- 
sented by  2  divided  by  10"  (1  followed  by  24  cyphers).  In  other  words 
*' a  quantity  of  the  ether  whose  volume  equals  that  of  the  earth  would 
w-eigh  about  ^^^j  of  a  pound."  With  this  density,  a  cubic  foot  of  the 
most  perfect  vacuum  which  has  yet  been  obtained  by  air-pumps  would 
contain  a  quantity  of  matter  ''some  200  million  million  times  the 
<pmntity  in  a  cubic  foot  of  the  ether." 

Professor  Wood  also  calculates  that  the  pressure  of  the  ether  would 
Ije  very  small,  about  one  pound  on  a  square  mile.  Far,  therefore, 
from  being  a  solid,  the  ether  is,  on  this  theory,  an  excessively  attenuated 
gas,  and  such  an  hypothesis  of  its  constitution  certainly  seems  more 
probable  than  the  anomalous  theories  which  have  been  hitherto  main- 
tained. 

The  chief  objection  which  has  been  advanced  against  a  gaseous  con- 
stitution of  the  ether  is  that  even  with  a  highly  rarified  sas  a  retarding: 
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influence  would  be  produced  on  the  motions  of  the  planets  which,  in  th& 
course  of  ages,  would  be  easily  detected  by  astronomical  calculations. 
But  Professor  Wood  shows  clearly  that,  with  his  computed  density  for 
the  ether,  its  resistance  to  the  motions  of  planets  and  comets  would 
be  absolutely  insensible  even  in  the  course  of  ages. 

According  to  the  Kinetic  Theory  of  Gases,  the  number  of  molecules 
even  in  a  small  volume  of  an  ordinary  gas  is  enormous.  According 
to  Thomson  the  probable  number  in  a  cubic  foot  of  air  is  17  x  10"*,  an 
immensely  large  number.  Even  for  such  a  rarified  gas  as  the  ether  is 
supposed  to  be  on  Professor  Wood's  theory,  the  number  would  be  very 
great.  He  computes  the  number  at  about  10'^  Large,  however,  as 
this  number  is,  the  number  given  above  for  air  is  about  17,000  million 
times  as  large. 

Assuming  that  the  Earth's  atmosphere  is  subject  to  terrestrial  attrac- 
tion— as  it  evidently  is — and  that  it  obeys  the  well  known  gaseous  law 
of  Boyle  and  Marriotte,  namely,  that  the  density  is  proportional  to  the 
pressure,  we  can  find  the  law  of  the  decrease  of  density  with  distance 
from  the  Earth,  and  hence  the  density  at  any  given  height  above  the 
Earth's  surface.  At  a  certain  point  the  atmosphere  will  become  so 
rarified  that  it  will  have  the  same  density  and  the  same  tension  as  the 
ether.  Professor  Wood  computes  this  height  at  about  127  miles.  This 
should  be  the  extreme  limit  of  the  Earth's  atmosphere.  By  another 
method  he  finds  169  miles  as  the  extreme  height  of  the  atmosphere. 
Both  results  are,  however,  uncertain  ;  for  a  uniform  temperature  is 
assumed  for  the  whole  height,  and  as  we  know  that  the  temperature 
diminishes  as  we  ascend,  this  assumption  is  incorrect.  Assuming  a 
probable  law  for  the  decrease  of  temperature,  and  considering  the  tem- 
perature observed  by  Mr.  Glaisher  in  his  famous  balloon  ascents,  he  finds 
a  height  of  86  miles.  Under  certain  conditions,  however,  he  finds  that 
this  height  might  be  increased  to  110,  and  possibly  to  even  120  miles. 
Observations  of  the  height  at  which  meteors  become  visible  indicate, 
in  some  cases,  a  height  of  100  miles  or  more,  but  the  usual  height  is 
between  70  and  80  miles. 

Although  considering  the  constitution  of  the  ether  to  be  gaseous  and 
molecular.  Professor  Wood  thinks  "  that  the  ajther  is  a  substance  entirely 
distinct  from  that  of  the  atmospheie — that  the  former  cannot  be  con- 
sidered as  the  latter  greatly  rarified,  as  some  have  supposed."  He  finds- 
by  calculation  that  the  density  of  the  ether  at  the  surface  of  the  Sun  and 
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at  an  infinite  distance  from  that  luminary  is  sensibly  the  same,  and 
considers  that — unlike  the  Earth's  atmosphere — "  the  density  and  tension 
of  the  ajther  may  be  considered  uniform  throughout  space."  It  would 
be  impossible  for  a  wave  of  light  to  be  propagated  in  air  with  the  known 
velocity  of  light  unless  we  suppose  the  temperature  of  the  air  to  be  raised 
enormously — something  like  400  billion  degrees  of  the  Fahrenheit  scale. 
Professor  Wood  also  computes  the  specific  heat  of  the  ether,  and  finds  it 
more  than  a  billion  times  that  of  hydi-ogen,  which  has  the  greatest 
specific  heat  of  all  known  terrestrial  gases.  He  rinds  the  ratio  of  the 
elasticity  of  the  ether  to  its  density  to  be  \ery  great  compared  with  the 
same  ratio  in  the  case  of  air.  His  result  is  8  followed  by  11  ciphers. 
He  also  shows  that  the  Earth's  attraction  for  the  molecules  of  air  lying 
near  the  limit  of  the  atmosphei-e  "  will  exceed  500,000  times  the  resist- 
ance of  the  tether  ;  lience  the  molecules  of  air  accompany  the  Earth  in  its 
orbit  as  certainly  as  does  the  Moon,  and  are  fiir  more  rigidly  bound  to  it 
than  is  its  satellite." 

From  these  results  it  will  appear  that  Professoi-  Wood's  hypothetical 
medium  fulfils  all  the  required  conditions. 

A  similar  theory  of  the  constitution  of  the  ether  has  been  advanced 
by  Mr.  S.  Tolver  Preston.  He  shows  that  the  resistance  oflfered  by  the 
air  to  a  body  moving  through  it  is  due  to  the  comparatively  slow  motion 
of  its  molecules — -about  1,600  feet  per  second,  or  about  that  of  a  rifle 
bullet — and  that  consequently,  even  if  its  density  were  as  low  as  that  of 
the  ether,  it  would  still  ofifer  great  resistance  to  bodies  moving  with 
planetary  velocities.  If  we  suppose  the  molecules  of  the  ether  endowed 
with  a  very  high  velocity,  this  resistance  would  vanish,  as  the  equilibrium 
of  the  medium  would  not  be  disturbed.  He  therefore  concludes  that 
the  molecules  of  the  ether  are  extremely  minute  and  moving  with  a 
high  velocity.  Professor  Wood  estimates  the  mean  square  velocity  at 
286,000  miles  per  second.  Their  minuteness  *'is  absolutely  necessary 
to  enable  the  ether  to  penetrate  with  freedom  the  molecular  interstices 
of  matter."  Their  high  velocity  is  consistent  with  the  hypothesis  of  a 
large  amount  of  energy  being  stored  up  in  the  ether,  for  the  energy  of  a 
moving  body  varies  as  its  mass  multiplied  by  the  square  of  its  velocity. 
A  small  body  moving  with  a  high  velocity  may  therefore  possess  more 
energy  than  a  much  larger  body  moving  with  a  small  velocity.  As, 
according  to  the  Kinetic  Theory  of  Gases,  the  pressure  exerted  by  a  gas 
depends  on  the  velocity  of  its  molecules,  the  ether  may  have  a  high 
pressure  without  being  dense,  or  solid,  as  some  ha^'e  supposed  it  to  be. 
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The  low  density  of  the  ether  found  by  Professor  Wood  has  an  important 
bearing  on  the  hypothesis  of  the  extinction  of  the  light  of  very  distant 
stars  by  absorption  in  the  ether,  an  idea  advocated  by  the  elder  Struve 
and  other  astronomers.  1  have  shown  elsewhere  that  telescopic  obser- 
vations yield  strong  evidence  against  the  existence  of  any  extinction  of 
light,  at  least  so  far  as  our  largest  telescopes  can  penetrate  into  space. 
Let  us  see  what  effect  the  ether  of  Professor  Wood's  theory  would  have  on 
the  light  of  very  distant  stars.  We  can  solve  this  problem  by  comparing 
its  effect  with  that  of  the  Earth's  atmosphere  on  the  light  of  the  stars. 
Measurements  with  photometers  of  the  same  star  at  different  altitudes 
above  the  horizon  have  shown  that  the  absorption  of  light  l)y  the  atmos- 
phere amounts,  in  the  case  of  a  star  in  the  zenith,  to  about  a  quarter  of 
a  magnitude.  In  other  words,  if  the  Earth's  atmosphere  were  removed 
the  light  of  a  star  in  the  zerith  would  be  increased  in  the  proportion  of 
1  to  1'26  or  100  to  126.  Now,  although  the  atmosphere  extends  with 
constantly  diminishing  density  to  a  height  of  100  miles  or  more,  its 
total  effect  may  be  assumed  to  be  equal  to  that  of  a  homogeneous 
atmosphere  of  about  5  miles  in  height,  and  of  a  density  equal  to 
that  of  the  air  at  the  surface  of  the  Earth.  Assuming,  as  we  are 
justified  in  doing,  that  the  absorption  of  light  is  proportional  to  the 
density  of  the  medium  through  which  the  light  passes,  and  taking  the 
density  of  the  ether  as  computed  by  Professor  Wood,  I  find  that  the 
thickness  of  ether  which  would  absorb  the  same  quantity  of  light  as  the 
Earth's  atmosphere  would  be  about  2  x  10"  miles,  or  2  followed  by  23 
ciphers,  an  enormous  distance.  Let  us  see  what  this  distance  implies 
compared  with  the  probable  distance  of  the  faintest  stars.  Measures  of 
parallax  have  shown  that  the  average  pai-allax  of  stars  of  the  first  mag- 
nitude is  about  one-tenth  of  a  second  of  arc.  Hence  the  parallax  of  stars 
of  the  sixteenth  magnitude — about  the  faintest  visible  in  the  great  Lick 
telescope — would  be  (if  their  faintness  is  due  to  distance)  about  Toiuu  of 
a  second.  This  indicates  a  distance  of  3,062,650,000  times  the  Sun's 
distance  (about  93,000,000  miles)  from  the  Earth,  or  nearly  2  followed 
by  17  ciphers.  Hence  it  follows  that  the  thickness  of  ether  necessary 
to  reduce  the  light  of  a  star  by  a  quarter  of  a  magnitude  only  would  be 
about  one  million  (10*)  times  the  distance  of  stars  of  the  sixteenth  mag. 
nitude  !  We  may,  therefore,  conclude  that,  on  Professor  Wood's  theory 
of  the  constitution  of  the  ether,  there  would  be  ])ractically  no  extinctioa 
of  light  due  to  the  ether  alone  as  far  as  our  largest  telescopes  can  pene- 
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trate  into  the  depths  of  space.  80  far  as  our  limited  range  of  telescopic 
visiou  extends  we  may  therefore  consider  the  ether  as  perfectly  trans- 
parent, the  total  loss  of  light  being  wholly  due  to  our  own  atmosphere. 
Of  course,  there  may  possibly  be  some  extinction  of  light  caused  by 
meteoric  dust  in  space,  but  this  hypothesis  has  nothing  to  do  with  the 
ether,  or  with  the  question  of  its  constitution  which  we  have  been  con- 
sidering. 

In  the  course  of  a  kindly  criticism  of  the  paper,  Mr.  G.  F.  Hull, 
B.A.,  pointed  out  the  difBculty  of  forming  anything  like  an  adequate 
conception  of  the  ether  supposed  to  till  all  space  and  to  be  a  substance, 
solid,  yet  invisible  to  human  eyes,  and  to  be  elastic,  yet  impalpable  to  the 
touch,  and  said  that  Mr.  Gore  had  adopted  the  view,  advanced  by  Pro- 
fessor Wood,  that  the  ether  is  gaseous  in  its  nature.  After  some  refer- 
ence to  the  extremely  tenuous  chai-acter  of  the  ether,  a  pound  weight  of 
which,  according  to  the  Professors  hypothesis,  would  occupy  a  space 
640  times  the  space  occupied  by  the  Earth,  and  whose  density  would 
be  1  200,000,000,000,000th  of  the  density  of  the  air  reduced  to 
1/39, 000,000th  of  an  atmosphere,  Mr.  Hull  said  that  inability  to 
conceive  such  a  gas  as  these  conditions  required,  had,  in  some  quai-- 
ters,  led  to  a  rejection  of  the  results  flowing  from  any  investigations  of 
the  Professor's,  and  that  if  these  mu.^t  be  rejected,  so  must  the  theory 
upon  which  they  were  founded.  There  was,  however,  one  result  at 
which  the  Professor  arrived  which  was  not  mentioned  by  Mr.  Gore,  and 
that  was  that  the  specific  heat  of  ether  is  about  4,000,000,000,000,  that 
of  water  being  unity.  This  result  apparently  staggered  the  Professor 
himself,  who,  however,  found  consolation  in  what  is  generally  accepted 
as  a  fact,  that  every  particle  of  ether  makes  about  590,000,000,000,000 
vibrations  per  second,  a  result,  in  his  (Mr.  Hull's)  opinion,  quite  as 
difficult  to  receive  as  were  the  others.  The  facts  concerning  the  velocity 
of  light  and  the  heat  energy  conveyed  from  the  Sun  were  well  known. 

The  fornmla    r=    l-^  ,   used  by  Professor  Wood,  was  applicable  to  all 

elastic  media  when  the  proper  meanings  were  given  to  e  and  j>.      But  the 
Professor  assumed  that  the   Kinetic   Theory  of  Gases  was  applicable, 

which  led  to  the  form  F^    jt^  where  -/^ratio  of  the  two  specific  heats 

of  air  =  1.410.     He  also  assumed  that  a  quantity  which  he  calls  the 
modulus  of  the  gas — which  is  nearly  constant  for  ordinary  gases — has 
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the  same  value  for  ether.  But,  if  we  work  on  these  assumptions,  we 
arrive  at  a  gas  possessing  properties  differing  so  widely  from  oi'dinary 
gases  that  we  have  every  reason  to  doubt  the  validity  of  the  assumptions. 
Mr.  Gore  stated  that  the  chief  objection  which  had  been  advanced 
against  a  gaseous  constitution  of  the  ether  was  that  a  retarding  influence 
would  be  produced  on  the  motions  of  the  planets  which,  in  time,  could 
be  detected  by  astronomical  observat'on.  This  was  not  usually  re- 
garded as  a  chief  objection  ;  though  there  was  an  objection  with  which 
it  could  not  be  compared.  It  was  conceded  by  all  physicists  that  plane- 
])olarized  light  possesses  a  property  vectorial  in  its  nature,  that  is  to  say, 
it  has  magnitude  as  well  as  direction,  and  that  this  direction  lies  in  one 
of  two  planes  at  right-angles  to  one  another,  and  passing  through  the 
direction  of  propagation.  This  directed  magnitude  could  have  no  com- 
ponent in  the  direction  of  propagation  of  the  light,  and,  therefore,  is 
transversal  to  that  direction.  This  directed  magnitude  is  called  "  a 
vibration."  But  all  that  is  known  is  that  it  has  a  periodic  change, 
and  that  the  direction  of  the  change  is  at  right-angles  to  the  direction  of 
])ropagation.  Now,  in  all  the  gases  with  which  we  are  acquainted,  the 
only  possible  form  of  wave-motion  is  produced  by  the  motion  of  the  par- 
ticles backward  and  forward  in  the  direction  of  jtropagation.  Evi- 
dently, such  longitudinal  motion  can  have  no  particular  relation  ■with 
regard  to  any  single  plane  through  its  direction.  In  brief,  the  pheno- 
menon of  polarization  cannot  be  explained  if  we  have  longitudinal 
vibrations.  Wave-motion  in  gases  can  not  be  propagated  by  means  of 
any  other  vibrations,  consequently  a  gaseous  medium  can  not  transmit 
the  wave-motion  producing  light.  This  was  the  objection  which,  in  his 
(Mr.  Hulls)  view,  was  insurmountable,  and  which  had  led  such  men  as 
Fresnel,  Neumann,  MacCullagh,  Green,  Oauchy,  Rayleigh,  Kelvin, 
Helmholtz,  and  Maxwell,  to  adopt  some  form  of  the  Elastic  Solid  Theory. 
In  this  theory,  the  compression  Avas  taken  to  be  zero,  or  an  exceedingly 
small  quantity,  and,  therefore,  the  wave-motion  produced  by  longitu- 
dinal vibrations  to  be  infinite,  or  very  large.  This  was  probably  what 
Mr.  Gore  had  reference  to  when  he  stated  that  theories  other  than  the 
one  he  had  advocated  do  not  take  into  account  the  limited  velocity  of 
light.  Mr.  Gore  must  have  forgotten  that  this  velocity  appears  as  the 
result  of  analysis,  and  was  never  taken  to  constitute  light.  No  difli- 
culty  had  been  experienced  in  arriving  at  a  limited  velocity  for  the 
wave-motion  produced  by  transverse  vibrations.      In  fact,  it  was  assumed 
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at  once,  as  ia  Professor  Wood's  case,  that  this  velocity  was  equal  to  that 
of  light,  and  the  arbitrary  values  for  elasticity  and  density  were 
deduced  therefrom.  Mr.  Hull  said  he  had  attemjjted  to  show  that 
Professor  Wood's  mistake  lay  in  neglecting  to  add  to  his  two  assump- 
tions a  third,  viz.,  that,  as  far  as  is  known,  the  ether  is  incapable  of 
transmitting  longitudinal  vibrations.  This  was  the  known  ])roperty  of 
an  elastic  solid,  and  had  Professor  Wood  taken  account  of  it  he  would 
hardly  have  represented  the  medium  as  a  gaseous  one.  There  was  another 
theory,  advanced  by  Maxwell,  analyzed  and  extended  by  Helmholtz  and 
Kelvin,  and,  lately,  verified  by  Hertz  :  the  Electro-magnetic  Theory  of 
Light,  which  was  i-eceiving  much  attention  at  the  present  time.  It  was 
an  inviting  subject,  and  was  one  which  at  some  future  time  might  be 
brought  by  him  (Mr.  Hull)  before  the  Society. 

Mr.  Hull's  views  were  su()ported  by  Mr.  Chant,  and  the  discussion 
which  followed  was  taken  part  in  by  many  members,  who,  whether  they 
accepted  or  rejected  The  Gaseous  Theory  of  the  Ether,  spoke  highly  of 
the  value  of  Mr.  Gore's  p:iper  in  exciting  physicists  to  a  careful  con- 
sideration of  the  subject. 


TWENTY-FOURTH  MEETING. 

December  12th  ;  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in 
the  chair.  Interesting  letters,  on  various  subjects,  were  read  from  Dr. 
Joseph  Morrison,  M.A.,  Ph.D.,  F.R.A.S.,  of  Washington,  D.C.,  and 
Messrs.  W.  F.  Denning,  F.R.A.S.,  of  Bristol,  and  J.  Ellard  Gore, 
F.R.A.S.,  of  Ballysodare,  and  others. 

It  having  been  decided  to  ask  Mr.  Andrew  Elvins  to  accept  Life 
Membership  in  the  Society,  the  pleasant  duty  of  formally  proposing  the 
motion  was  entrusted  to  two  intimate  friends,  Mr.  G.  G.  Pursey  and 
Mr.  A.  F.  Miller.  Mr.  Pursey,  who  was  received  with  loud  applause, 
said  that  he  moved  the  motion  in  fnll  confidence  that  it  would  meet 
with  the  hearty  support  of  every  member.  He  thought  that  the 
Society  was  tardy  in  doing  something  like  justice  to  his  old  friend,  and 
that  in  thus  making  this  recognition  of  his  services,  it  was  a  question 
whether  the  Society  was  not  really  more  honoured  by  Mr.  Elvins  in 
accepting  the  position  than  it  was  in  conferring  it.  He  had  known 
16 
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Mr.  Elvins  many  years,  and  at  a  time,  indeed,  wh»;n  he  (Mr.  Elvins) 
stood  almost  alone  in  Toronto  as  a  student  of  Astronomy,  and  when 
the  facilities  for  study  were  not  what  they  are  now.  In  all  these 
years,  Mr.  Elvins  had  been  the  same  honest,  earnest  and  modest  votaiy 
of  Science,  ever  leady  to  impart  all  he  himself  had  learned,  ever  ready 
to  encourage  the  beginner,  ever  ready  to  give  of  his  time  and  means 
to  assist  in  furthering  any  scientific  object.  He  (Mr.  Pursey)  had 
been,  perhaps,  more  intimately,  though  less  usefully,  associated  with 
the  few  devoted  men  who  formed  the  nucleus  of  this  Society  through 
many  years  of  its  pre-natal  and  incipient  existence  than  any  other 
person,  and,  therefore,  knew  somewhat  of  the  unselfish,  untiring  exer- 
tion of  those  men,  and  of  one  chiefly,  in  furthering  the  project  of 
establishing  this  Society,  which  had  outgrown  even  the  most  sanguine 
hope  of  the  liveliest  imagination.  Were  he  (Mr.  Pursey)  to  ask  any 
person  acquainted  with  the  evolution  and  history  of  this  Society,  who, 
above  all  others,  was  the  means  of  placing  it  on  the  i)ath  towards  its 
present  high  standing,  he  was  sure  there  would  be  but  one  answer — there 
could  not  be  two  opinions  on  the  suV)ject.  And  now  as  Time  was  fleet- 
ing, it  was  well  that  they  defer  no  longer  their  important  duty.  He 
had,  therefore,  much  pleasure,  and  honour,  too,  in  moving  :  That  The 
Astronomical  and  Physical  Society  of  Toronto  do  confer  upon  Andrew 
Elvins,  the  esteemed  and  venerable  father  and  founder  of  Amateur 
Astronomy  in  Toronto,  the  highest  gift  in  its  power  to  bestow  upon  an 
Active  Member,  viz..  Life  Membership.     (Applause.) 

In  seconding  the  motion,  Mr.  A.  F.  Miller  said  he  did  so  with  pecu- 
liar and  heartfelt  satisfaction.  His  acquaintance  with  Mr.  Elvins  had 
extended  over  a  period  of  thirteen  very  pleasant  yeais,  and  dated  from 
the  time  when  a  small  party  of  amateurs  met  occasionally,  from  house  to 
house,  to  discuss  .<^cientific  matters  and  papers  under  Mr.  Elvins'  leader- 
ship. Mr.  Miller  referred  to  many  interesting  incidents  in  the  early 
history  of  the  Society,  and  said  that  he  was  not  a  little  indebted  to  its 
founder  for  assistance  when  he,  at  his  instance,  took  up  the  subject  of 
spectroscopy,  and  for  kindly  guidance  in  many  of  his  own  investigations 
in  Astronomy  and  Physics.  The  motion  should,  and  no  doubt  would, 
be  carried  with  every  mark  of  appreciation.     (Applause.) 

Mr.  Thomas  Lindsay  desired  to  add  a  word  to  what  had  been  so 
happily  said  by  Mr.  Pursey  and  Mr.  Miller.  He  had  been  one  of  the 
members  present  on  the  memorable  occasion  when  Mr.  Elvins  read  his 
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paper  announcing  contidently  that  otlier  satellites  in  the  system  of 
Jupiter  existed  and  would  be  found.  He  himself  had  written  the  few 
lines  handed  to  the  press,  epitomizing  the  paper  ;  all  the  world  now 
knew  that  one  satellite  had  been  found,  and  he  (Mr.  Lindsay)  considered 
the  Society  was  highly  honoured  in  having  on  its  Life  Membership  Roll 
the  name  of  the  astronomer  who  had  first  called  the  attention  of  other 
observers  to  the  importance  of  studying  closely  the  Jovian  system. 

The  resolution  was  then  put  and  carried  amid  loud  applause,  which 
was  renewed  when  the  Chairman  rose  to  formally  instruct  the  Record- 
ing Secretary  to  enroll  Mr.  A.  Elvins  as  a  Life  Member.  Then, 
addressing  Mr.  Elvins,  Mr.  Paterson,  in  eloquent  language,  paid  a  high 
tribute  to  the  zeal  and  untiring  energy  displayed  by  him  in  the  cause 
of  the  advancement  of  Science,  and  said  it  was  but  necessary  to  look 
around  to  see  the  fruits  of  his  labours — they  would  be  seen  while  this 
Society  existed.  He  hoped  Mr.  Elvins  would  long  be  spar-ed  to  con 
tinue  his  noble  life  work. 

Mr.  Elvins,  who  was  very  much  moved,  was  warmly  received  on 
rising  to  thank  the  Society  for  conferring  upon  him  Life  Membershij)^ 
an  honour  of  which,  he  said,  he  was  very  proud.  In  the  course  of  his 
remarks,  he  alluded,  at  some  length,  to  the  past,  and  spoke,  with  some 
feeling,  of  the  days  when  he,  Mr.  Pui-sey,  Mr.  Mungo  Turnbull,  Mr. 
Robert  Ridgway,  and  Mr.  D.  K.  Winder,  now  of  Detroit,  had.  with  one 
or  two  others,  worked  together  and  had  tried  to  keep  alive  public  interest 
in  Astronomy.  He  said  that  if  he  had  been  instrumental  in  leading 
others  into  scientilic  pursuits,  it  was  from  his  own  love  of  such  work, 
and  he  considered  his  greatest  achievement  consisted  in  having  directed 
the  steps  of  some  who  had  subsequently  taken  a  very  high  standing  in 
different  branches  of  Science.  He  had  tried  to  direct  his  fellows  to  the 
study  of  Nature  as  a  means  of  recreation  and  relaxation  from  toil  and 
worry ;  to  view  the  Eternal  Mind  through  the  medium  uf  Matter,  and, 
to  regard  all  men  as  the  childi'en  of  a  common  power,  which  all  men 
reverence — which  we  call  God.  Though  now  a  Life  Member  of  the 
Society,  he  would  not  cease  to  be  an  active  one  or  to  take  a  lively 
interest  in  its  welfare.     (Applause.)* 

*  Andrew  Elvins  was  born  May  4th,  1824,  at  Polgootb,  near  St.  Anstle, 
Cornwall,  England.  A  boyhood  amid  the  tin  and  copper  mines  of  Cornwall 
afforded  opportunities  to  cultivate  in  a  mind,  sedulously  studious,  a  taste  for 
geology  and   mineralogy  and    that  love  of   Nature  always   characteristic  of  the 
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By  request,  Mr.  J.  Von  Sommer  read  the  following  paper  contri- 
buted by  Mr.  W.  F.  Denning,  F.R.A.S.,  of  Bristol,  England,  on 

THE    RADIANT    POINT    OF    THE    PERSEID    METEOR    SHOWER. 

The  Perseid  Meteor  Shower  is  undoubtedly  cometary  in  its  physical 
relations  and  its  radiant-point  exhibits  a  comet-like  motion  of  about  1° 
of  R.  A.  per  day  to  the  ENE.  This  motion  was  for  many  years  enabled  to 
escape  detection,  though  Le  Verrier,  from  theoretical  considerations,  had 
intimated  that  it  must  exist.  Mr.  Greg  and  others  found  the  radiant- 
point  apparently  diffused  over  a  considerable  area  in  the  N'orthem 
region  of  Perseus,  but  the  position  does  not  appear  to  have  been  deter- 
mined with  sufficient  exactness,  on  single  nights  of  observation,  to  prove 

subject  of  this  sketch.  The  lad's  zeal  for  knowledge  was  greatly  quickened  by  an 
acquaintanceship  formed  with  the  late  Charles  Peach,  of  Goran  Haven,  by  whom 
he  was  induced  to  study  Natural  History.  In  1845,  being  just  of  age,  Mr.  Elvins 
came  to  Canada  to  carve  out  his  own  fortune,  and  settled  at  Cobourg,  where  he 
married  Miss  Alice  Rundell.  Though  actively  engaged  in  business  pursuits,  time 
was  found  for  the  study  of  palaeontology  chiefly.  For  this  purpose,  numerous 
excursions  were  made  to  quarries  in  the  County  of  Northumberland,  and  a  large 
and  valuable  collection  of  Silurian  fossils  was  formed.  Assisted  by  a  few  friends, 
Mr.  Elvins  started  a  museum  in  connection  with  the  Cobourg  Mechanics"  Institute. 
In  1860,  having  removed  to  Toronto,  he  became  a  member  of  The  Canadian  Insti- 
tute, to  which  he  presented  some  of  his  best  specimens,  and  before  which  he  has 
read  many  papers  on  Archeology,  Astronomy  and  Meteorology.  Having  gathered 
about  him  a  few  friends,  with  similar  tastes,  he  organized  The  Recreative  Science 
Club,  which,  for  some  years,  met  every  Tuesday  evening  at  his  dwelling.  Reports 
of  its  meetings  appeared  in  various  journals,  including  Scientific  Opinion.  The 
Olub  eventually  became  merged  with  the  Natural  History  Society,  an  incorporated 
body,  and  finallj'  both  became  the  Natural  History  Section  of  The  Canadian 
Institute.  In  1884,  with  two  or  three  others,  Mr.  Elvins  founded  The  Astronomical 
and  Physical  Society  of  Toronto,  which  became  incorporated  in  1890.  To  The 
Astronomical  Rerjiater  and  other  scientific  journals,  and  to  the  Toronto  daily  press, 
he  has  been  an  active  contributor  upon  such  topics  as  ' '  The  Sun  and  the  Worlds 
Around  Him;"  "The  Sun-spot  Period  and  its  Relation  to  Terrestrial  Meteor- 
ology;" "The  Toi'onto  Rainfall  and  the  Fluctuations  in  the  Height  of  Lake 
■Ontario,"  etc.  In  "  The  Sun  and  the  Worlds  Around  Him,"  published  in  1872, 
Mr.  Elvins  expressed  the  view  that  the  outer  planets  are  still  throwing  matter 
from  their  surfaces,  and  when  the  Great  Red  Spot  on  Jupiter  appeared  in  1878,  he 
thought  the  planet  was  ejecting  matter  which  might  become  a  satellite.  This 
view  was  emphasized  in  a  paper  read  before  this  Society  early  in  1891.  Since  then, 
the  fifth  satellite  has  been  discovered. 
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the  motion.     The  value  of  the  materials  suffered  detraction  from  tlie^ 
following  causes  :■ — 

1.  Inaccuracy  in  registering  the  path-directions  of  the  conformable 
meteors. 

2.  Errors  in  including  the  paths  of  meteors  really  belonging  to  neigh- 
bouring showers. 

3.  Interruptions,  by  cloudy  weather,  moonlight  or  other  circum- 
stances, to  observations  during  a  number  of  successive  nights. 

It  will  be  evident  to  anyone  who  reflects  on  the  nature  of  the 
research,  that  it  is  impossible  to  entirely  eliminate  the  inaccuracies  iind 
hindrances  alluded  to. 

I  began  observing  the  Perseids  in  1867,  but  it  was  ten  years  later, 
viz :  in  1877,  before  I  first  gained  a  distinct  view  of  the  motion  of  their 
radiant-point.     In  that  year  I  derived  positions  as  follows  : 

August    3-7 40'  +  56'    40  meteors. 

■    "  10 4.3'  -f  58=285 

12 ,50'  -r  55'    14 

16   60'  -f  59'      5 

In  the  following  year,  1878,  from  July  26  to  August  2,  I  saw  40;^ 
shooting-stars  and  the  richest  shower  proceeded  from  a  point  at 
32°  +  53'^  which  supplied  63  meteors  of  the  swift  streak-leaving  class. 
The  position  of  the  radiant  and  the  visible  aspect  of  the  meteors  after- 
wards led  me  to  the  unavoidable  conclusion  that  this  strong  shower  was 
really  formed  by  early  Per.seids.  Careful  observation,  directed  to  this- 
special  point  in  subsequent  years,  absolutely  settled  the  question  and 
removed  all  doubt  as  to  two  important  features  in  the  observed  character 
of  the  great  August  stream,  viz  : 

1.  The  rapid  motion  of  the  radiant  to  the  ENE  at  the  approximate 
rate  of  1°  of  R.A.  daily. 

2.  The  long  duration  of  the  shower,  certainly  from  about  the  mid- 
dle of  July  to  the  end  of  the  third  week  in  A  ugust. 

The  late  Joseph  Kleiber  took  up  the  mathematical  discussion  of  tlu- 
question  in  1891,  and  a  very  useful  paper  of  his  was  published  in  Th(^ 
Monthly  Notices  for  March,  1892,  in  which  he  concisely  showed  that 
observation  and  theory  were  satisfactorily  in  harmony  as  to  the  shifting 
radiant.     His  computed   positions   for   the    Perseid    radiant  exhibited  a 
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mean  difference  of  only  1^-32  when  compared  with  49  determinations  of 
the  place  made  at  Bristol  between  July  8  and  August  16  in  various 
years.  The  agreement  (as  in  nearly  every  case  where  observation  and 
theory  are  matched  for  the  first  time)  was  not,  however,  perfect,  espe- 
cially as  regarded  the  beginning  and  ending  of  the  shower,  but  as  the 
observations  at  these  limits  were  extremely  meagre  and  uncertain  no 
other  result  could  have  been  reasonably  expected.  It  remained  for 
future  observations  to  correct  those  previously  obtained  and  to  bring 
about  a  still  closer  analogy  between  the  ob.served  and  calculated  radiants. 

An  excellent  opportunity  occurred  in  the  present  year  which  has 
been  exceptionally  favourable  for  the  English  astronomical  observer  for 
he  can  now  (September  30)  look  back  to  about  seven  months  of  summer 
weather,  and  a  proportion  of  clear  nights  far  in  excess  of  the  average.  I 
watched  the  progress  of  the  Perseid  display  on  ten  nights  between 
August  4  and  16  and  obtained  results  in  remarkable  consistency  with 
Kleiber's  computations.  It  is  evident  that  my  observation  on  August 
16,  1877,  of  a  shower  at  60  -f  59°  is  too  far  East  to  represent  the  true 
Perseids  on  that  date,  and  that  Kleiber's  position  at  54°  +  59''  more 
nearly  accords  with  its  actual  place.  I  am  fully  persuaded  of  this  by 
several  observations  secured  here  since  1877.  Thus  on  August  16,  1884, 
I  recorded  a  brilliant  Perseid  close  to  its  radiant,  and  with  a  path  very 
accurately  observed  from  52°  -|-  63"  to  51'"  +  67°  and  therefore 
directed  from  a  point  at  53''  +  58^.  On  August  16,  1892,  I  noted 
a  pretty  bright  meteor  apparently  from  the  same  centre.  On  August 
16,  1893,  I  saw  4  meteors  under  the  best  conditions  and  obtained  a  good 
»-adiant  at  52°  -f  57°.  As  to  the  Camelids  seen  on  August  16,  1877, 
they  represented  a  distinct  system  as  I  fully  realized  from  evidence 
gained  in  August,  1893,  for  I  saw  11  meteors  from  a  radiant  at  61*'  -f 
60°  August  8-15,  while  at  the  same  epoch  the  Perseid  radiant  was 
definitely  manifested  several  degrees  to  the  Westward.  Quite  possibly, 
the  Camelids  seen  in  1877  and  1893  may  be  a  continuation  of  a  shower 
which  I  distinguished  in  1878,  July  30- August  1,  at  65°  -f  60^ 

For  the  guidance  of  future  observers,  I  give  an  ephemeris  of  the 
Perseid  radiant  during  about  one  month  of  its  activity.  It  is  based 
M\)on  the  most  reliable  of  my  observations  : — 
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F.PHEMERIS    OF    THE    PERSEID    RADIANT-POINT. 


Date. 

Radiant, 
a           5 

Dat( 

e. 

Radiant. 
a            5 

Date. 

Radiant, 
a           S 

July  19. 

.ir  +  bV 

.July 

29. 

.32=  -r  54  = 

August    8^ 

.42=  +  57= 

"      20. 

.20'^  +  51^ 

" 

.30. 

..3.3=  +  55= 

9. 

.44=  +  57' 

"      21. 

.22=  -f  52= 

" 

31. 

.34=  +  55* 

"       10. 

.45°  4-  57' 

"      22 

.23^  +  52= 

August 

1. 

.35=  -i-  55= 

"       11. 

.46°  +  57= 

"      2.3. 

.25°  +  52= 

.•> 

.3(1=  +  55= 

"       12. 

.47°  +  57= 

"      24. 

.26=  +  53= 

3'. 

.37°  +  56= 

"       13. 

.49°  +  58= 

"      25. 

.27=  +  53= 

4. 

.38=  -r  56° 

•'       14. 

.50°  +  58' 

"      26. 

.29=  -r  53' 

5. 

.39°  +  56° 

"       15. 

.51°  +  58' 

"      27. 

.30=  +  54= 

6. 

.40°  -f  56= 

"       16. 

.53°  +  58' 

•'      28. 

.31=  +  54^ 

7. 

.41=  -f  57= 

•*       17. 

.54°  +  58" 

The  shower  needs  attentive  watching  befoi-e  July  19  and  after 
August  16,  though  it  is  undoubtedly  very  feeble  at  those  times,  the 
Earth  being  probably  situated  only  just  within  the  outlying  borders  of 
the  stream. 

It  is  perhaps  a  little  singular  that,  though  half  a  generation  has 
passed  since  the  moving  radiant  was  discovered,  no  adequate  meausres 
have  been  adopted  to  confirm  the  fact  observationall}'.  It  is  true 
that  it  has  received  a  certain  amount  of  corroboration  from  observa- 
tions by  !Mr.  Booth  and  some  others  in  England,  but  tlie  point  is  one 
of  so  much  significance  and  interest  that  it  needs  thorough  ventilating, 
and  this  we  may  confidently  expect  it  to  receive  at  the  hands  of  compe- 
tent and  energetic  observers  in  future  years. 

Several  members  spoke  of  the  value  of  the  paper  just  read,  and 
praised  the  steady  application  and  patience  which  had  placed  Mr. 
Denning  in  the  front  rank  of  ol)servers. 

THE  ASTRONOMICAL  AND  PHYSICAL  EXHIBITS  AT  THE  WORLD's  FAIR, 

was  the  subject  of  a  paper  by  Mr.  G.  E.  Lumsden,  who  said  that  one 
of  the  difficulties  attending  a  satisfactory  examination  of  the  scientific 
exhibits  at  Chicago  was  due  to  the  fact  that  they  were  not  gathered 
under  one  roof,  but  were  widely  scattered  in  various  buildings.  Tho.se 
pertaining  to  Astronomy  and  Physics  were  found,  some  in  the  United 
States'  Government  Building,  some  in  the  State  and  Colonial  Buildings, 
some  in  the  Agricultural  Building,  some  in  the  Mining  Building,  others 
in  the  Electricity  Building,  and  more  in  tlie  Manufactures  and  Liberal 
Arts  Building.  In  this  i-espect,  the  rule  seemed  to  be  for  each  country, 
and,  indeed,  each  institution,  educational  or  otherwise,  to  collect  into  one 
place  all  the  exhibits   which   by  any  manner  of  relationship   could  be 
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airanged  together.     For  instance,  the  very  complete  collective   exhibi- 
tion of  German  scientific  instruments  and  appliances,  in  charge  of  Dr.  A. 
Westphal,   was    hived  away  in  a  gallery  in   the   Electricity   Building, 
where,  under  ordinary  circumstances,  no  one  would   dream  of  finding  it. 
This  collection  reflected  great   credit  upon  the  Germans  generally,  and 
especially  upon  the  Deutsche  Gesellschafc  fiir  Mechanik  uud  Optik,  an 
association    of    mechanicians  and  opticians  formed    to    encourage   and 
support  the  manufacture  of  scientific  apparatus   of  every   description. 
Even  a  cursory  examination  of  the  numerous  cases  filled  with  instru- 
ments and  appliances  was  sufiicient  to  show  that  the  members  of  the 
Association  strove  to  attain  to  a  very  high   standard  of  excellence.      It 
was  contended  by  Dr.  Westphal  that  the  entire  development  of  German 
mechanical  art,   '•  admittedly  not  always  equal  to  the  development  in 
England  and  France,  had  emanated  from   the  full  a})preciatioa  of  the 
principle  that  the  practical  maker  must  know  the  intentions  of  scientific 
men  which  are  to  be  i-ealized  by  the  instruments,  and,  also,  the  limits  of 
the  required  exactness,  and,  vice  versa,  that  the  investigator  must  not 
be  an  entire  stranger  to  the  manufacture  of  his  instruments,  but  must 
know  their   theory,   and,  with   critical    knowledge,   only  demand  that 
degree  of  exactness  which   is  necessary  for  his  work,  or  which  is  attain, 
able."     This  principle  had   been   mutually  cultivated   by  the  Deutsche 
Gesellschaft,  the  philosophers  working  in  unison  with  the  mechanicians. 
Pages  could  be  written  upon  the  subject  of  the  completeness  and  general 
excellence  of  the  display  which  included  astronomical  and  physical,  as 
well  as   surveying,  metronomical,   hydrometric,    meteorological,  optical, 
chemical,  electrical,  electro-therapeutical,  physiological,  didactic  and  horo- 
logical  apparatus,  the  mere  enumeration  of  the  varieties  of  which  would 
be  tedious.    Some  idea  of  the  quantity  of  scientific  instruments  manufac- 
tured in  the  Empire  could   be  gained   from  the  oflicial  statement  that 
in  1892  there  were  526  establishments,  each  employing  not  less  than 
ten  skilled  persons,  and  that  the  aggregate  number  of  individual  em- 
ployees was  7,614,  and  further,  that,  in  all,  there  were  more  than  1,500 
places,  including  shops  and  private   houses,  where  workmen  were  busy 
in    the    construction  of  scientific  apparat\is  of  a  high  order.     Conse- 
quently, there  were  many    exhibitors  at  Chicago,    but  time  permitted 
reference  to  but  three  of  the  makers   of   optical    instruments.     Merz, 
of  Munich,  showed  two  superb  refractors,  equatorially  mounted   on  iron 
pillars,  one  6-inches,  the  other  5-inches  in  aperture.     The   6-inch  was  a 
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perfect  beauty  in  finish,  and  was  complete  at  all  points,  possessing  every 
known  appliance,  as  well  it  might,  its  price  being  .^5,000,  though  in 
the  closing  week  of  the  Fair  perhaps  $4,000  in  cash  would  have  pur- 
chased it,  as  Merz  did  not  wish  that  it  should  return  to  Germany.  The 
5-inch  was  for  sale  at  S2,000,  and  though  a  much  plainer  instrument, 
was  doubtless  a  very  fine  one.  Besides  these,  Merz  exhibited  ten  first- 
class  object-glasses,  ranging  in  diameter  from  five  to  eleven  inches. 
Franz  Schmidt  and  Haensch,  of  Berlin,  exhibited  spectroscopic  appli- 
ances in  ])rofusion,  all  exquisitely  finished  and  of  great  excellence.  But, 
perhaps,  the  most  interesting  display  was  that  of  Schott  it  Genossen,  of 
Jena.  The  exhibits  of  this  firm  consisted  of  finished  discs  for  telescopic 
objectives,  including  one  set  of  ordinary  silver  flint  and  ordinary  silver 
crown  lenses,  23-in.  in  diameter  (since  purchased  by  Dr.  J.  A.  Brashear), 
besides  smaller  ones ;  polished  slabs  of  optical  glasses,  ordinary  crown- 
glasses,  heavy  and  heaviest  baryta  crown-glass  of  high  refractive  power, 
crown-glass  of  high  and  of  low  dispersion,  phosphate  and  borate-glasses 
free  from  silica,  baryta  light  flints,  etc.,  etc.  Some  of  the  specimens  of" 
densest  silver  flint-glass  were  like  rich  amber  in  colour.  All  the  sam- 
ples were  beautifully  polished,  and  seemed  to  be  of  the  highest  order  of 
excellence.  After  some  further  references  to  the  German  exhibit,  Mr. 
Lumsden  described,  at  considerable  length,  the  extremely  interesting 
display  of  meteors,  including  siderites,  siderolites  and  aerolites,  either  iu 
their  original  form,  or  with  polished  surfaces  showing  the  Widmann- 
statian  figures,  faults,  etc.,  in  one  of  the  galleries  of  the  Mining  Build- 
ing, made  by  Ward's  Natural  Science  Establishment,  Rochester,  N.  Y. 
Some  of  the  lai'gest  known  individuals  were  represented  by  casts  hung 
from  the  ceiling  or  arranged  on  shelves  so  as  to  be  easily  examined. 
The  writer  dwelt  upon  the  more  notable  Canadian  specimens  on  exhibi- 
tion and  their  analyses,  etc.  Many  plates  illustrating  these  and  other 
meteors  and  their  polished  surfaces  were  shown  to  the  members,  and 
it  was  stated  that  the  Rochester  collection  now  includes  the  famous 
Knyahinya  and  other  specimens,  slides,  etc.,  purchased  from  Dr.  Otto 
Hahn,  of  Toronto,  a  member  of  the  Society.  Allusion  was  next  made 
to  the  astronomical  exhibit  of  the  American  manufacturers,  including 
the  fine  displays  severally  shown  by  Dr.  Brashear,  Warner  <fe  Swasey, 
Saegmiiller,  and  others.  This  exhibit  was  arranged  on  the  floor  of  the 
North  Gallery  in  the  Liberal  Arts  Building  and  overlooked  tlie  Yerkes 
glass,  itself  an  object   of   ceaseless   interest  to  the   thousands  who,  day 
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after  day,  thronged  that  building,  at  once  magnificent  in  its  proportions 
and  in  its  exhibits,  the  latter  occupying  forty  acres  of  floor-space. 
Even  when  the  great  tube  was  motionless  there  was  to  the  awed  on- 
looker something  uncanny  about  it,  for  it  was  not  difficult  to  imagine 
the  telescope  to  be  a  Thing  of  Life  with  a  sleepless  eye,  oblivious  of  that 
which  was  around  it,  and  ever  trying  to  jjierce  the  remotest  depths 
of  Space.  But  this  sensation,  due  to  this  pardonable  personification, 
was  vastly  increased  when,  apparently  without  a  human  being  near  it, 
T)ut  really  when  electrically  controlled  by  an  assistant  seated  at  a  small 
table  close  to  its  gigantic  base,  it  began  and  continued  to  move  on  its 
axes,  slowly,  gracefully,  silently,  and  without  a  jar,  as  if  in  search  of 
something  hidden  in  the  far  distant  Beyond.  Truly  this  mighty  instru- 
.  nient  is  a  splendid,  nay,  a  ])rincely,  gift  to  Science.  The  telescope  was 
in  charge  of  INIessrs.  Warner  &  Swasey,  who  took  great  pains  to  ex- 
plain its  mechanism  to  every  astronomer,  and  who  [jresented  to  the 
writer  a  very  fine  photograph  of  it  taken  by  Mr.  S.  W.  Burnham,  and 
shown  to  the  members.  Recent  letters  from  the  firm  and  from  Messrs. 
Alvan  Clarks'  Sons  respecting  the  instrument  and  the  excellence  of  the 
lenses,  now  l)eing  figured,  were  read  to  the  Society. 

Dr.  Brashear's  exhibit  included  a  beautiful  18-inch  objective,  worked 
after  the  mathematical  formula  of  Professor  Hastings,  of  Yale  Univer- 
sity. This  objective  was  from  glass  made  by  Mantois,  of  Paris,  and, 
nfter  polishing  and  figuring,  was  tested  by  Professors  Keeler  and 
Leuschner,  and  pronounced  to  be  "as  perfect  as  could  be  made  from  the 
material  at  hand."  The  exhibit  embraced  other  object-glasses  of  great 
optical  perfection  ;  plane  and  parallel  surfaces  for  the  Michelson  and 
Jamin  refractometers  ;  grating-plates  (Reseau)  polished  and  corrected 
by  Dr.  Brashear,  and  ruled  by  Professor  Rowland  ;  prisms  of  the  highest 
excellence,  siderostat- mirrors  of  large  diameter,  silvered  glass  specula  of 
great  beauty ;  the  large  star-spectroscope  for  the  Yerkes  telescope  ; 
standard  spectroscopes,  telespectroscopes,  two-mirror  heliostat,  and  a 
6-inch  silvered-glass  reflecting  telescope  complete.  Dr.  Brashear  jnight 
well  be  proud  of  his  display,  and  yet,  in  a  letter,  he  stated  he  had  been 
too  busy  to  attempt  to  make  a  special  one.  In  the  California  State 
Building  there  was  shown  a  fine  series  of  most  interesting  and  valuable 
glass  trans[)arencies  of  the  Milky  Way,  the  planets,  the  Moon  and  comets, 
which  reflected  great  credit  on  the  stafi"of  the  Lick  Observatory,  by  which 
thev  were  made.     In  the  Government  Building,  the  Smithsonian  Insti- 
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tution  made  a  display  of  engrossing  interest,  including  a-  series  of  very 
large  photographs  and  glass  transparencies,  which  challenged  the  adniir- 
ation  of  everybody  ;  they  were  not,  however,  all  in  respect  of  astronomi- 
cal and  physical  subjects.  Some  drawings  of  Jupiter  and  Saturn  made 
by  Professor  James  E.  Keeier,  and  shown  in  the  Liberal  Arts  Build- 
ing, were  entirely  worthy  of  that  eminent  astronomer.  The  French 
exhibit  of  scientific  apparatus  was,  for  the  most  part,  grouped  in  a 
small  section  in  the  same  building,  difficult  to  find,  as  it  was  sur- 
rounded by  exhibits  of  various  kinds,  including  cases  of  silks,  ribbons, 
and  laces,  aud  exquisite  creations  of  the  milliner's  art,  etc.  The  tele- 
scopes were  few  in  number.  One  of  the  exhibitors  was  the  firm  of  Viou 
Freres,  of  Paris,  whose  portable  instruments  are  being  introduced  into 
this  part  of  Canada  by  their  agents,  Messrs.  Michael  Brothers,  of 
Toronto.  Telescopes  made  in  Great  Britain  and  Ireland  were  conspicu- 
ous by  their  absence,  not  one  instrument  being  on  the  grounds.  Sir 
Howard  Grubb  had  intended  making  an  exhibit,  but  finally  decided  not 
to  do  so.  Dr.  Ainslie  Common  exhibited  his  sj^lendid  unsilvered  5-foot 
parabolic  speculum,  but  it  was  placed  practically  by  itself  in  the  West 
Gallery  of  the  Liberal  Arts  Building,  just  behind  Watson  k  Son's 
microscope  exhibit  and  in  front  of  York's  lantern-slide  exhibit.  Unfor- 
tunately, the  Secretary  of  the  British  Commission  had  overlooked  put- 
ting a  legend  npon  it,  so  that  it  was,  no  doubt,  thought  by  hundreds 
to  be  merely  a  very  pretty  piece  of  heavy  circular  plate-glass.  Twice 
Dr.  Brashear  tacked  an  exi)lauatory  card  upon  it,  and  many  times 
directed  astronomers  to  it,  as  did  also  his  representative,  thus  affording 
another  instance  of  that  good  nature  which  has  made  the  Doctor  very 
po]jular.  Another  unfortunate  error  of  the  Commission  was  the  neglect 
shown  Dr.  Gill's  beautiful  star  photographic  transparencies.  These 
exquisite  plates  were  not  only  placed — of  all  places  in  the  world — in  the 
exhibit  of  the  C;ipe  of  Good  Hope,  in  the  Agricultural  Building,  but 
were  not  even  hung  up,  the  man  in  charge  stating  to  some  of  the 
]irivileged  few^  who  found  tliem,  that  he  could  not  get  from  his  Commis- 
sioner the  £2  necessary  for  a  frame.  At  least  one  kind-hearted  Ameri- 
can who  loves  Science  for  her  own  sake,  would  have  furnished  the  means 
liad  he  learned  the  humiliating  facts  in  time,  but  he  did  not  make  the 
discovery  until  shortly  before  the  close  of  the  Fair.  In  inconsequential 
corners,  and  .sometimes  on  the  dark  sides  of  partitions  in  sundry 
parts   of   the  Werjt   Gallery   in   the   Liberal   Arts   Building,   were  sus- 


132  The  Astronomical  and  Physical  Society  of  Toronto. 

pended  the  exhibits  of  those  famous  British  bodies,  the  Royal  Asti'o- 
nomical  Society  and  the  British  Astronomical  Association.  In  spite  of 
the  drawbacks,  every  scientific  Canadian  gazed  long  and  lovingly  upon 
the  work  of  his  British  relatives,  and  much  of  it  was  very  tine  indeed. 
The  Royal  Astronomical  Society  exhibited,  in  brief,  fourteen  exquisite 
plates  by  Dr.  Isaac  Roberts,  two  large  photogiaphs  of  composite 
drawings  made  from  all  the  negatives  of  the  total  solar  eclipse  of  1882, 
photographs  of  eclipses  of  1870,  71,  '82,  '83  and  '86,  photographs  of 
compared  spectra  of  the  Sun  and  meteorites  from  D  to  K,  series  of 
nine  photographs  of  the  great  Sun-spot  of  February,  1892,  spectra  of 
the  Sun,  Arcturus  and  Nova  Aurigfe,  thirteen  photographs  of  stellar 
spectra,  photographs  from  Greenwich  Observatory  including  chart  plates 
of  the  Pleiades,  catalogue  plate  with  trail  for  orientation,  w*  Cygni 
(7  exposures),  photographs  of  the  Sun,  photograph  of  Great  Comet 
of  1882,  by  Dr.  Gill,  and  Captain  Abney's  photograph  of  the  infra-red 
solar  spectrum.  The  British  Astronomical  Association  made  a  very  fair 
exhibit  for  so  young  a  Society  ;  and  showed  that  it  is  a  virile  one.  The 
display  included  various  fine  drawings  and  publications.  Four  drawings 
of  the  Milky  Way,  made  by  Dr.  Otto  Bceddicker,  were  justly  admired. 
Not  far  ofi"  was  Professor  Lippmann's  very  instructive  and  interesting 
exhibit  of  photographs  of  spectra  and  other  objects  in  colours.  The 
venerable  and  worthy  "Vatican  Obsei-vatory  was  represented  by  a  set  of 
valuable  publications.  The  College  displays  w-ere  all  interesting  and; 
some  absorbingly  so.  The  people  of  the  United  States  had  reason  to  be 
proud  of  the  exhibits  made  by  their  greater  seats  of  learning.  As  one 
gazed  upon  the  splendid  showing  of  the  American  and  German  Univer- 
sities, one,  if  he  were  from  the  Canadian  side  of  the  border,  at  least 
saw  reason  for  regretting  that  not  one  British  or  Canadian  University  was 
represented  at  Chicago.  It  is,  however,  gratifying  to  know  that  the  sys- 
tem of  public  education  in  Ontario  received  ample  justice  at  the  hands  of 
the  Government,  and  of  its  head,  the  Minister  of  Education,  there  being  an 
extensive  and,  perhaps,  unrivalled  exhibition  of  books,  apparatus,  etc., 
which,  it  may  be  mentioned  for  the  purposes  of  this  papei',  included  the 
following  specimens  of  the  handiwork  of  Mr.  Mungo  Turnbnll,  of  Toronto,, 
a  venerable  member  of  this  Society  : — An  18-inch  terrestrial  globe, 
specially  adapted  for  use  in  Public  and  High  Schools  ;  an  18-inch  celes- 
tial sphere,  so  constructed  that  the  student,  having  the  whole  combina- 
tion of  the  stars  and  constellations  before  him,  can  carry  on  his  studies 
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within  doors,  and  a  12-inch  orbital  moving  globe,  constructed  to  ilhis- 
trate  the  four  motions  of  the  earth  in  its  annual  course  round  the  Sun, 
and  also  the  beam  of  light  constantly  flowing  from  the  Sun  wliose  rays 
ilhiminate  that  portion  of  the  Earth's  surface  which  faces  the  Sun's  disc. 
Astronomical  displays,  more  or  less  elaborate  in  various,  if  not  in  all, 
departments,  were  shown  by  the  Universities  of  Harvard,  Yale,  Prince- 
ton, Johns  Hopkins,  and  the  City  of  New  York,  and  the  Western  Uni- 
versity of  Pennsylvania,  while  more  or  less  ambitious  efforts  were  made 
by  the  State  Universities  of  Michigan  and  Wisconsin,  by  the  Clark, 
Lehigh  and  De  Pauw  Universities  (this  latter  sliowed  one  of  the  two 
-Chandler  almucautais  in  existence),  and  by  Amherst,  Carleton,  Beloit, 
Mount  Holyoke,  Smitli,  Vassar  and  other  Colleges.  Though  others 
•competed  in  the  modern  astronomical  field,  Harvard  came  first  with  the 
largest  display,  which  included  several  hundred  interesting  photographs 
of  instruments  and  observatories  in  Cambridge,  Colorado,  California, 
Chili  and  Peru ;  of  stellar  spectra,  double-stars,  star- trails,  comets,  clus- 
ters, nebulae,  solar  corona,  the  Moon,  Jupiter  and  his  satellitas.  Mars, 
Saturn  and  satellites,  Uranus  and  tlu-ee  moons,  Neptune  and  moon,  etc. 
But  as  one  passed  from  case  to  case,  from  alcove  to  alcove,  one  could  not 
help  taking  a  deep  interest  in  the  exhibits  eloquent  of  the  labours  of 
philosophers,  some  of  them  long  since  dead  and  gone  to  their  rewards. 
There  seemed  to  be,  after  all,  some  evidence  that  in  this  busy  world 
there  are  many  bosoms  in  which,  on  occasion,  can  spring  into  existence 
lively  sentiments  of  profound  respect  for  and  even  something  of  gi'ati- 
tude  to  those  who,  for  the  love  of  Science,  pure  and  simple,  spent  many 
a  weary  hour  in  endeavouring  to  unravel  her  mysteries,  and  arrive  at 
the  truth.  Not  infrequently,  over  some  battered  box,  some  rusty  mass 
of  Ijroken  and  bent  wires,  magnets,  coils  and  cells,  or  over  some  con- 
glomeration of  rods,  glass  and  wax,  or  over  a  puny  thermometer  embed- 
ded by  loving  hands  in  cotton-wool,  or  over  some  faded  daguerreotvpe,  or 
print,  might  be  seen  men,  standing  in  that  attitude  of  respectful  sympathy 
(too  often  reserved  for  the  side  of  the  grave  of  departed  worth),  for  the 
moment  appreciating  that  they  were  in  the  presence  of  some  precious 
relic  of  a  Henry,  a  Draper,  an  Agassiz,  a  Franklin,  a  Priestley,  a 
Kirchoff,  a  Guericke,  a  Magnus,  a  Hehnholz,  and  even  of  a  Frannhofer. 
A  Philadelphia  High  School  master,  interested  in  Astronomy,  to  whom 
the  writer  was  introduced  in  Warner  &  Swasey's  section,  asked  the  lat- 
ter if  he  had  seen  the  Magdeburg  Cups  shown  in  the  collective  exhibit 
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of  the  German  Universities.  On  being  answered  in  the  negative,  the 
Philadel])hian,  with  a  tremor  in  his  voice  and  a  fervor  that  did  him 
credit,  exclaimed,  "  I  have  had  that  honour.  The  cups  have  actually 
been  touched  and  even  lifted  by  tJiese  hands.  Be  sure  and  see  them,"' 
an  injunction  which  the  favour  of  Dr.  0.  Lassar,  the  superintendent, 
enabled  the  writer  to  do  to  his  full  satisfaction.  Venerable  Princeton, 
among  an  endless  variety  of  exhibits,  showed  an  electrical  machine 
devised  by  Franklin  and  used  by  Priestley  ;  an  electro-magnet,  made  by 
Henry,  which  had  sustained  a  weight  of  3,500  pounds  ;  Agassiz's  thermo- 
meter used  by  him  in  Switzerland ;  Fahrenheit's  original  thermometer, 
a  glass-rod,  still  spotted  by  red  sealing-wax,  used  by  Franklin  in  his 
electrical  experiments  ;  Henry's  oi'iginal  electro-magnetic  motors,  and  a 
Pittenhou.se  orrery  in  very  sad  repair,  and  bearing  a  legend  to  the 
effect  that  it  was  made  in  Philadelphia  in  1768,  was  bought  by  the 
President  of  the  College  for  £300,  and  was  injured  by  the  British  troops, 
when  quartered  in  Nassau  Hall  during  the  Pevolution.  The  Western 
University  of  Penn.sylvania  exhibited  Langley's  bolometer  in  its  origi- 
nal form  as  invented  in  1881,  and  described  as  "an  instrument  for 
measuring  heat-radiation  of  feeble  intensity  such  as  the  determination 
of  wave-lengths  in  the  extreme  lower  end  of  the  spectrum,  the  distribu- 
tion of  energy  in  the  spectrum  of  the  Moon,  and  the  radiation  of  heat  by 
gases  ;  "  also  photographs  of  the  infra-red  solar  spectrum  and  of  bands  in 
the  solar-spectrum  determined  by  the  bolometer  at  Allegheny  Observa- 
tory by  Langley  in  1887.  The  display  of  the  University  of  the  City  of  New 
York  was  rich  in  the  relics  of  the  elder  Draper.  There  was  his  original 
iodine-box,  his  chlor-hydrogen  photometer,  afterwards  adapted  by  Bun- 
sen  and  Roscoe  in  their  photo-chemical  researches  at  Heidelberg,  his 
camera,  with  a  spectacle-lens,  copied  from  the  segar-box  camera  (used  in 
taking  the  first  daguerreotype  portrait)  with  holes  in  front  and  sides  for 
experiments  in  researches  in  light,  his  ammonia-sulphate  of  copper  cell 
(glass  three  and  one-half  inches  square,  with  cell  two  inches  in  diameter) 
used  in  getting  the  chemical  focus  in  micro-daguerreotypes,  his  micro- 
scope, his  mercury-box,  his  camera  with  one  achromatic  convex  and  two 
plano-convex  lenses  with  adjustable  diaphram,  his  daguerreotype  plate 
of  the  solar-spectrum  taken,  in  1844,  in  Virginia,  with  a  triangular 
aperture  one-fourth  of  an  inch  on  base  and  three-eighths  of  an  inch  on 
each  side,  fifteen  seconds'  exposure,  and  showing  one  straight  line  or 
band  diagonally  left  to  right,  length  of  spectrum  about  three  inches,  and. 
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(possibly  most  interesting  to  the  passer-by)  the  first  daguerreotype 
picture  of  a  human  face  taken  (in  1840)  by  Draper  of  his  sister,  the 
exposure  (of  ninety  seconds)  being  made  in  full  sunlight  on  the  roof  of 
a  building,  and  the  lady's  face  being  dusted  over  with  white  powder  to 
aid  the  Sun  in  making  an  impression  on  the  plate.  The  University  sold 
artotype  copies  of  this  picture,  whose  authenticity  was  formally  cer- 
tided  by  the  present  representative  of  Sir  John  Herschell,  to  whom 
the  picture  was  sent,  and  in  wlio.se  family  it  remained  until  last  year. 
The  University  showed  the  Moise  bat'^ery  by  which,  within  its  walls, 
was  sent  the  first  telegram,  and  also  the  original  of  the  following,  the 
first  public  message  ever  telegraphed  :  January  24th,  1838  :  ''  Attention  * 
the  Universe  by  Kingdoms,  Right-wheel,"  a  message  stated,  by  the 
appended  legend,  to  have  been  almost  prophetic  in  the  words  that  had 
been  associated,  as  it  were,  by  inspiration.  Another  deeply  interest- 
ing exhibit  was  that  of  the  Henry  Draper  Memorial,  which  included 
photographs  of  that  lamented  astronomer  as  well  as  of  the  Moon  (1863) 
greatly  enlarged,  and  of  the  instruments  with  which  he  took  photographs 
(1872)  of  stellai'-spectra  and  of  the  nebula  in  Orion,  which  were  improved 
upon  in  1881  and  in  1882,  the  year  of  his  death  ;  also  the  photograph  of 
the  comparison  spectrum  by  which  he  discovered  the  existence  of  oxygen 
in  the  Sun,  the  upper  part  of  the  spectrum  being  that  of  the  Sun,  the 
lower  being  that  of  oxygen  and  nitrogen  of  air  and  showing  the  co-inci- 
dence of  bright  oxygen  lines  with  bright  solar-lines.  As  it  was  in  the 
German  Scientific  Instrument  Department,  so  was  it  in  the  German 
University  Department,  which  occupied  a  large  space  in  the  Liberal  Arts 
Building.  The  display  was  very  elaborate.  The  astronomical  and  phy- 
sical exhibit  was  especially  interesting,  not  only  because  it  was  very  com- 
plete, but  because  it  also  contained  precious  mementoes  recalling  the  past. 
For  instance,  one  might  see  Kirchoflf's  original  spectral  apparatus,  Fraun- 
hofer's  terrestrial  telescope,  Helmholz's  electrometer,  !Magnus'  apparatus 
for  the  expansion  of  gas  by  means  of  heat,  etc.,  Fraunhofer's  heliometer, 
used  by  him  in  1814,  and,  having  been  reconstructed,  used  again  for  the 
transits  of  Venus  in  1874  and  1882,  rusty  instruments,  wire,  etc.,  used 
by  Gauss  and  Weber  in  their  electro-magnetic  telegraphic  experiments, 
and  last,  but  not  least,  the  original  Magdeburg  Cups  constructed  by 
Guericke,  to  show  the  pressure  of  the  atmosphere,  and  to  which  refer- 
ence has  already  been  made.  Among  the  exhibits  in  the  War  Depart- 
ment was  the  original  specimen  of  the  class  of  telescope  invented  in  1834 
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by  Captain  Andrew  Talcott,  U.  S.  Corps  of  Engineers,  for  the  purpose 
of  determining  latitude  by  his  method.  The  instrument  was  about  three 
inches  in  clear  aperture,  and  had  a  focal  length  of  forty-two  inches.  It 
was  intended  to  substitute  for  absolute  zenith  measurements  in  the 
determination  of  latitude,  the  differences  of  zenith  meridional  distances 
of  two  stars  on  different  sides  of  the  zenith,  the  stars  being  so  selected 
that  this  difference  may  be  less  than  the  arc  embraced  in  the  field  of 
view  of  the  telescope  to  avoid  the  necessity  of  changing  the  position  of 
the  telescope  in  altitude.  Tacked  to  the  telescope  was  a  description  of 
it,  and  inserted  in  the  War  Department  Catalogue  was  a  remark  by 
Colonel  King,  the  exhibitor,  to  the  effect  that  Captain  Talcott's  "has 
long  been  recognized  as  the  most  accurate  method  for  the  purpose  of 
■determining  latitude  known  to  astronomers." 

One  of  the  most  interesting  as  well  as  instructive  exhibits  was  that 
made  by  the  United  States  Navy,  including,  as  it  did,  the  model  of  an 
armoured  line-of-battle  ship,  which,  as  a  compliment  to  the  State  where 
the  Fair  was  held,  was  called  "  Illinois."  Under  the  auspices  of  the 
Navy  Department,  the  Naval  Observatory  at  Washington  made  a  dis- 
play of  astronomical  and  meteorological  and  time-keeping  instruments. 
These  were  in  the  charge  of  Lieutenant  A.  G.  Winterhalter,  U.  S.  N., 
who  jiroved  himself  to  be  a  very  efficient  and  courteous  superintendent. 
The  exhibit  was  distributed  in  three  or  four  small,  but  suitable,  build- 
ings near  the  lake  shore  and  in  the  vicinity  of  the  battle-ship.  The 
main  building  had  two  I'ooms.  The  smaller  was  a  dark  room  where 
could  be  shown  the  solar  image  on  a  disc  four  inches  in  diameter  as 
formed  thereon  by  the  photoheliograph  placed  at  a  distance  of  about 
forty  feet.  In  the  larger  room  was  the  display  of  the  Observatory's 
time,  chronometer  and  magnetic  services  with  various  objects  of  astrono- 
mical and  nautical  interest.  Certain  instruments  in  the  room  were  con- 
nected with  the  Observatory  at  Washington,  from  which  every  day  at 
noon  (Central  Standard  Time)  a  signal  was  received  by  telegraph.  Around 
the  room  were  suspended  clocks  showing  Greenwich,  Paris,  Berlin  and 
Vienna  Times,  as  well  as  other  clocks  indicating  Eastern,  Central,  Moun- 
tain and  Pacific  Standard  Times.  Around  the  walls  were  also  sus- 
pended a  series  of  beautiful  original  drawings  of  celestial  objects.  These 
included  Trouvellot's  famous  drawing  of  the  solar  eclipse  of  February  29, 
1878,  made  at  Creston,  Wyoming;  Trouvellot's  drawing  of  the  Omega 
nebula,   September,    1875,    as  seen   in    the  great    26-inch    telescope   at 
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Washington  :  Trouvellot's  drawing  of  the  Orion  nebula  made  at  the 
same  time  and  at  the  same  telescope ;  Trouvellot's  drawing  of  Saturn 
made  with  the  same  instrument  during  the  month  of  September,  1875. 
This  drawing  shows  not  only  the  shadow  of  the  planet  on  the  ring- 
system,  but  certain  notches  in  the  ring,  the  accuracy  of  which  has 
been  questioned.  The  photoheliograph  shown  was  one  of  eight  used 
during  the  transits  of  Yenus,  and  had  an  aperture  of  5  inches  and  a 
focal  length  of  38  feet.  There  were  also  a  transit  instrument  and  a  5- 
inch  Clark  equatorial  telescope,  the  latter  in  continual  use  by  the  public, 
and  both  mounted  under  suitable  domes.  While  the  Lieutenant  and 
the  writer  were  in  the  Transit  House,  in  which,  in  addition  to  the  instru- 
ments, were  suspended  various  large  photographs  taken  by  him,  a  captain 
in  the  French  navy,  one  Count  de  Ballancceur,  was  introduced.  The 
ensuing  few  moments'  conversation,  respecting  various  astronomical 
instruments,  was  conducted  in  French,  in  which  language,  as  well  as  in 
the  general  subject,  the  Lieutenant  showed  himself  proficient.  No 
doubt  this  proficiency  had  much  to  do  with  the  selection  of  Mr.  Winter- 
halter  by  his  Government  some  years  ago  to  make  a  tour  of  inspection 
of  all  the  Observatories  in  Enrope,  the  results  to  be  used  in  placing  the 
new  Naval  Observatory  at  Washington  in  the  most  eflicient  condition 
po-ssible.  There  were  also  in  the  main  building  astronomical,  sidereal 
-and  controlled  clocks,  chronographs,  chronometers,  eclipse-cameras, 
instruments  for  correcting  sextants,  sextant-mirror  testing  apparatus, 
thermostats,  etc.,  etc.,  and  photographs  of  observatory  and  other  appli- 
ances in  use  in  Washington.  The  exhibit  had  also  a  pathetic  side.  For 
instance,  there  were  two  of  Captain  Hall's  aneroid  barometers  which 
were  buried  in  the  Arctic  ice  for  four  years,  and  were  recovered  by 
Sir  George  Nares'  Polar  Expedition  and  returned  to  the  United  States 
Government.  These  instruments  had  been  exposed  to  temperatures 
of  cold  as  low  as  10-4  degrees  below  zero.  There  was,  also,  a 
marine  chronometer  taken  from  the  ship  Florida,  when  captured 
at  sea,  also  Perry's  astronomical  clock  which  had  been  exposed  to  the 
viscissitudes  of  three  yeai's'  service  at  various  points  on  the  shores  of  the 
China  and  Japan  Seas ;  also  one  of  the  chronometers  taken  out  by  the 
ill-fated  Jennette  Arctic  Ex])edition,  the  Jennette  having  been  crushed  in 
the  ice  in  the  Arctic  Ocean  in  June,  1881.  This  chronometer  had  been 
used  by  Commander  de  Long  to  navigate  his  boat  to  the  delta  of  the  Lena 
River  in  Northern  Ptussia,  and  was  found  among  his  effects  at  the  place 
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where  he  and  liis  party  succumbed  to  tlie  rigours  of  a  Russian  winter. 
There  were  also  six  chronometers  which  were  ruined  during  the  dread- 
ful hurricane  at  Samoa  which,  on  the  IGth  and  17th  March,  1889^ 
sunk  the  United  States  Ships  Yandalia  and  Leipsic  and  drowned  many 
brave  seamen.  !Mi\  Lumsden  dwelt  ujion  various  other  matters  con- 
nected with  the  Exhibition,  and  closed  his  paper  by  saying  that  not  by 
any  means  the  least  enjoyable  portion  of  the  visit  paid  to  Chicago  was 
the  delightful  half-hour  spent  with  Mi-.  S.  W.  Burnham,  who,  though 
the  Clerk  of  the  United  States  Court,  and  a  busy  man,  finds  time  to 
keep  in  touch  with  his  beloved  Scieuce,  and  to  whom  the  writer  expressed 
his  regret  that  among  the  interesting  exhibits  at  tiie  Fair  was  not  found 
the  6  inch  telescope,  which,  with  himself,  had  grown  famous. 


TWENTY-FIFTH   MEETING. 

December  26th  ;  Mr.  Robert  B.  Ellis  in  the  chair.  There  was  a  fair 
attendance  of  members.  Among  the  letters  i-ead  was  one  from  Dr. 
Joseph  Morrison,  M.D.,  Ph.D.,  etc.,  of  Washington,  promising  papers^ 
Mr.  Mungo  Turnbull,  of  Toronto,  was  elected  an  Active  Member.  The 
next  meeting  of  the  Society  being  the  annual  one,  several  important 
notices  of  motion  were  given.  Mr.  Pursey,  the  Librarian,  presented  an 
unusual  number  of  publications,  which  included  a  copy  of  Prof.  J.  E. 
Keeler's  admirably  illustrated  paper,  "  Physical  Observations  of  Mars 
during  1892";  a  set  of  The  Sidereal  Messenger  and  o^  Astronomy  and 
Astro- Physics,  covering  several  years,  and  several  volumes  on  various 
subjects,  the  gifts  of  Mr.  G.  E. Lumsden  and  other  members.  On  motion 
of  Mr.  Thomas  Lindsay,  seconded  by  Mr.  D.  George  Ross,  all  the  officers 
of  the  Society  and  members  of  the  Council  for  1893  were  re-nominated 
for  1894.  Mr.  Lumsden  handed  in  a  photograph  of  a  pretty  specimen 
of  frost  tracery  on  a  window-pane,  and  rough  drawings,  made  at  the  tele- 
scope on  the  26th,  of  Yenus  and  of  Jupiter,  as  seen  in  bright  sunshine, 
about  4  p.m.,  both  planets  being  visible  on  the  clear  sky.  Mr.  A.  F. 
Miller  reported  the  presence  on  the  solar  disc  of  many  interesting  sun- 
spots.  Seven  groups,  three  in  the  Northern  hemisphere  and  four  in  the 
Southern  hemisphere,  were  especially  noteworthy.  Mr.  Lindsay  called 
attention  to  the  very  valuable   scientific   papers  made   available  by  the 
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recent  binding  of  the  reports  received  from  the  Eoyal  ;iud  other  Societies. 
In  reply  to  a  question,  Mr.  Elvins  stated  that  raany  years  ago,  in  the 
course  of  a  long  series  of  solar  observations,  he  came  to  the  conclusion 
that  there  was  some  relationship  between  the  frequency  of  sun-spots  and 
the  rainfall,  and  he  undertook  to  predict  the  rainfall  for  each  of  the 
years  1870  and  1871  ;  the  results  were  that  he  was  out  only  about  one- 
quarter  of  an  inch  in  1870,  and  less  than  an  inch  iu  1871. 

Miss  A.  A.  Gray  read  from  Popular  Astronomy  a  most  interesting 
article  by  Professor  E.  E.  Barnard,  ot  Lick  Observatory,  descriptive  of  the 
very  peculiar  appearances  presented  on  the  mornings  of  October  21st, 
22nd,  and  23rd,  by  Brooks'  Comet  (d  1893),  and  .shown  by  photographic 
plates  taken  by  a  long-focus  Willard  lens  in  a  camera  strapped  to  the 
12-inch  telescope.  On  the  dates  mentioned,  the  comet's  tail,  previously  a 
straight  and  graceful  one,  appeared  on  the  negatives  to  be  shattered,  dis- 
torted and  deflected  by  some  agency  at  present  not  understood.  The 
comet  had  evidently  collided  with  some  resisting  medium,  though  probably 
of  "  extreme  uusubstantiality,"  the  detection  of  which  was,  in  Mr.  Bar- 
nard's opinion,  of  great  importance.  As  these  phenomena  were  wholly 
invisible  in  powerful  telescopes,  this  was  but  another  hint  of  the  greater 
disclosures  to  come  from  the  systematic  application  of  photography, 
"  revealing  to  us  wonders  of  a  startling  nature  where  the  unaided  eye 
looks  upon  blank  space."  Mr.  J.  A.  Copland  also  contributed  a  paper 
on  the  same  subject,  founded  upon  a  special  communication  sent  by  Mr. 
Barnard  to  Mr.  E.  W.  Maunder,  F.R.A.S.,  of  Greenwich  Observutory, 
who  published  it,  with  observations  of  his  own  and  copies  of  JMr. 
Barnard's  negatives,  in  The  London  Daily  Graphic.  Mr.  Copland's 
terse  paper  was  illustrated  by  these  plates. 


THE  FOUETH  ANNUAL  MEETING 

was,  on  the  9th  of  January,  1894,  held  in  the  Society's  Rooms,  19 
McGill  street,  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  presiding. 
The  attendance  was  unusually  large,  and  included  many  ladies.  Mr. 
F.  H.  Young,  M.A.,  of  Belleville,  was  elected  an  Associate-Member. 

In  pursuance  of  notice  given  at  the  previous   meeting,  Mr.  Thonia* 
Lindsay,  seconded  by  Mr.  D.  Geo.  Ross,  moved.  That  whereas  much  of 
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this  Society's;  prosperity  during  the  past  year  has  been  due  to  the  deep 
interest  taken  by  its  officers  in  all  branches  of  its  work,  and  whereas, 
some  of  the  excellent  measures  for  enlarging  the  Society's  field  of  use- 
fulness are  still  under  consideration,  therefore,  be  it  Resolved  that  the 
best  interests  of  the  Society  will  be  served  by  making  no  change  in  the 
list  of  Officers  and  Members  of  Council  for  1894,  and  that  the  Recording 
Secretary  be  requested  to  prepare  one  nomination  paper  containing  the 
names  as  they  stand  now  upon  the  Roll,  and  that  the  election  of  these 
Officers  be  made  unanimous.  Carried,  amid  applause.  Mr.  Sparling 
thereupon  cast  a  ballot,  and  the  following 

OFFICERS    AND    MEMBERS    OF    COUNCIL    FOR    1894 

were  declared  to  have  been  duly  elected  : — Honourary  President,  the 
Honourable  G.  W.  Ross,  LL.D.,  Minister  of  Education  for  Ontario  ;  Pres- 
ident, Mr.  Charles  Carpmael,  M.A.,  F.R.A.S.,  F.R.S.C,  Director  of  the 
Toronto  Observatory  ;  Vice-Presidents,  Mr.  Larratt  W.  Smith,  D.C.L., 
Q.C,  and  Mr.  John  A.  Paterson,  M.  A.  ;  Treasurer,  Mr.  James  Todhunter ; 
Corresponding  Secretary,  Mr.  G.  E.  Lumsden  ;  Recording  Secretary,  Mr. 
Charles  P.  Sparling ;  Librai'ian,  Mr.  G.  G.  Pursey ;  Council,  the  Execu- 
tive Officers  and  Messrs.  E.  A.  Meredith,  LL.D.,  A.  Elvins,  A.  F. 
Miller,  A.  Harvey,  and  D.  J.  Howell.  Miss  Sarah  L.  Tayloi',  was  re- 
elected Assistant-Ti'easurer ;  Miss  A.  A.  Gray,  Assistant-Recording 
Secretary  ;  Miss  Jeane  Pursey,  Assistant-Librarian  ;  and  Mr.  John  A. 
Copland,  British  and  Foreign  Correspondent. 

NEW  HONOURARY  AND  CORRESPONDING  MEMBERS. 

The  Corresponding  Secretary  stated  that  in  compliance  with 
instructions  received  at  a  meeting  of  Council  held  in  December,  he  had 
communicated  with  certain  well  known  scientific  men  with  a  view  to 
ascertaining  whether  they  would  be  willing  to  accept  the  relationship  to 
the  Society  of  Honourary  and  Corresponding  Members,  to  which  positions 
it  was  thought  fitting  they  should  be  elected.  In  every  instance,  nomi- 
nation had  been  gracefully  accepted  and  in  terms  highly  compliment- 
ary to  the  Society,  a  matter  for  great  satisfaction  as  it  indicated  that 
the  Society  had  succeeded  in  making  for  itself  a  reputation  of  which, 
it  was  to  be  hoped,  it  was  not  entirely  unworthy,  and  which,  now  that 
further  illustrious  names  were  to  be  inscribed  on   its  Rolls,  it  should  do 
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all  in  its  power  to  deserve  and  to  sustain.  For  instance,  Sir  Robert 
Ball,  of  Cambridge  University,  the  well  known  writer  and  lecturer,  had 
replied,  "I  shall,  indeed,  be  proud  to  accept  the  very  honourable  distinc- 
tion you  propose  to  confer  upon  rae.  I  esteem  it  a  very  high  compli- 
ment, and  I  only  wish  I  felt  more  worthy  of  it."  Professor  G.  H. 
Darwin,  F.R.S.,  also  of  Cambridge,  author  of  several  important  works, 
wrote  "  I  shall  have  much  pleasure  in  accepting  the  Honourary  Member- 
ship of  the  Toronto  Astronomical  and  Physical  Society  if  my  nomination 
is  accepted  by  the  Society.  I  beg  leave  to  thank  the  Society  in  advance 
for  the  honour  which  they  propose  to  confer  on  me."  Professor  S.  P. 
Langley,  Secretary  of  the  Smithsonian  Institution,  wrote,  "I  have  pleasure 
in  acknowledging  the  receipt  of  your  communication  in  which  you  pay 
me  the  compliment  of  asking  me  to  accept  Honourary  Membership  in 
The  Astronomical  and  Physical  Society  of  Toronto.  I  beg  to  assure  you 
of  my  sincere  appreciation  of  the  action  of  the  Society  in  this  connection 
and  of  my  gratification  in  accepting  the  honour  thus  shown  me."  Pro- 
fessor E.  C.  Pickering,  of  Harvard,  who  had  always  taken  a  kindly 
interest  in  the  Society  and  had  laid  it  under  obligations  not  only  by  do- 
nating the  publications  of  his  great  Observatory  but  by  promptly 
answering  various  questions  submitted  to  him,  said  "  Your  letter 
asking  if  I  should  be  willing  to  accept  Honourary  Membership  in  The 
Astronomical  and  Physical  Society  of  Toronto  is  duly  received.  In  re- 
ply, if  I  should  be  elected,  I  should  accept  with  pleasure.  With  regards 
and  pleasant  reminiscences  for  Mr.  Carpmael,  I  remain  yours  faithfully," 
and,  later,  after  notice  of  election,  "  Please  convey  to  the  Society  my 
sincere  thanks  for  this  honour."  In  his  reply,  the  venerable  M.  Otto 
Struve,  of  St.  Petersburg,  wrote,  "  Only  yesterday,  I  received  your  com- 
munication that  The  Astronomical  and  Physical  Society  of  Toronto  will 
honour  me  by  nomination  as  Honouraiy  Member.  Probably  my  answer 
will  come  too  late  for  the  annual  meeting ;  however,  I  will  not  let  pass 
a  single  day  without  expressing  ray  thanks  to  the  Society  for  the  in- 
tended honour.  In  fact,  I  shall  feel  proud  to  be  made  an  Honourary 
Member  in  company  of  those  men  you  named  in  your  letter.  Though, 
at  my  age,  I  can  hardly  expect  to  make  myself  essentially  useful  to  the 
aims  of  the  Society,  I  shall  certainly  do  it  if  an  occasion  presents  itself, 
and  with  the  greatest  of  pleasure.  With  respectful  compliments  and 
thanks  to  Mr.  Carpmael,  very  truly  yours."  Professor  Doctor  H.  C. 
Yogel,  of    Potsdam,  the  celebrated   spectroscopist,  said,  "  I  beg   you  to- 
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accept  my  very  best  thanks  for  the  communication  you  kindly  made  me 
in  your  letter.  The  great  honour  The  Astronomical  and  Physical  Society 
is  willing  to  afford  me  by  a  nomination  to  the  Honourary  Membership 
is  to  be  estimated  most  highly  and  I  shall  be  very  glad  to  accept  this 
honour.  I  beg  you  to  transmit  my  very  best  compliments  to  Mr. 
C.rpmael."  The  Reverend  T.  E.  Espiu,  F.R.A.S.,  of  Tow  Law,  Dar- 
lington, a  frequent  correspondent,  said,  "  Your  communication  in  which 
you  inform  rae  that  The  Astronomical  and  Physical  Society  of  Toronto 
intend  to  do  me  the  honour  of  making  me  a  Corresponding  Member, 
has  just  reached  me.  In  accepting,  may  I  ask  you  to  convey  to  the 
members  of  the  Society  my  sincere  thanks  and  wishes  that  what  I  shall 
soon  hope  to  call  our  Society  may  be  as  flourishing  in  the  future  as 
in  the  past.  I  have  watched  with  great  interest  its  progress  and  the 
increasing  value  to  Science  of  its  publications."  Professor  G.  E,  Hale, 
Director  of  the  Kenwood  Physical  Observatory,  wrote  from  Berlin, 
Germany:  "Thank  you  for  your  very  kind  letter,  which  has  just 
leached  rae  via  Chicago.  Please  convey  to  the  Society  my  thanks  for 
its  offer  to  elect  me  a  Corresponding  Member.  I  highly  appreciate 
the  honour  thus  shown  me,  and  shall  take  pleasure  in  accepting 
the  relationship  in  case  the  election  is  made."  M.  Paul  Henry,  of 
the  Paris  Observatory,  one  of  the  justly  celebrated  photographers  of 
celestial  objects,  wrote,  "  C'est  avec  la  plus  grande  reconnaisance, 
quoique  en  etant  bien  indigne,  que  j'accepte  la  grande  faveur  que  vous 
voulez  bien  me  faire  en  me  proposant  de  me  nommer  Membre  Cor- 
spondant  de  votre  Societe.  C'est  un  bien  grand  honneur  pour  moi  de 
voir  mon  nom  anpres  des  noms  illustres  de  Miss  A.  Gierke,  Mes- 
sieurs Gore,  Denning,  S.  W.  Burnham,  etc.  Je  vous  prie,  cher 
Monsieur,  d'agreer,  avec  tons  mes  remerciements,  I'expression  de  mes 
sentiments  tres  distingues."  Professor  James  E.  Keeler,  of  Allegheny 
Observatory,  the  spectroscopist  and  discoverer  at  the  Lick  Observatory 
of  motion  of  nebnlfe  in  the  line  of  sight,  said,  "  I  beg  to  thank  you 
very  sincerely  for  your  letter.  It  will  give  me  great  pleasure  to  become 
a  Corresponding  Member  of  your  Society,  the  good  work  of  which  is 
known  to  me.  I  feel,  however,  this  hesitation,  that  I  am  a  member 
now  of  more  Societies  than  I  can  do  justice  to,  and  my  correspondence 
must  be  limited,  but  if  you  can  overlook  an  apparent  lack  of  interest  due 
to  this  cause,  I  shall  he  glad  to  have  my  name  enrolled  in  your  list."  In 
a  later  letter,  the  Professor,  in  returning  thanks  for  election,  expressed 
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the  hope  that  he  would  shortly  be  able  to  contribute  a  paper  as  a  result 
of  some  cliscussious  of  matters  relating  to  the  theory  of  the  telescope. 
(Applause).  Mr.  Edward  W.  Maunder.  F.R.A.S.,  First  Physical  Assis- 
tant at  Greenwich  Observatory,  said,  "  Please  assure  The  Astronomical 
and  Physical  Society  of  Toronto  of  my  sense  of  the  honour  they  have 
done  me  in  nominating  me  as  a  Corresponding  Zvlember  and  convey  to 
them  my  grateful  acceptance  of  the  position.  I  fear  my  somewhat 
numerous  duties  will  but  seldom  allow  me  to  contribute  to  their  pro- 
ceedings, but  should  I  be  able,  I  shall  endeavour  to  do  so.  The  ditiusion 
of  a  love  for  Astronomy  and  the  organization  of  astronomical  workers 
are  objects  I  have  much  at  heart,  and  I  most  sincerely  congratulate  the 
Toronto  Society  on  the  success  they  have  already  attained  in  these 
fields."  Professor  C.  H.  McLeod,  of  McGill  College,  Montreal,  a  well 
known  Canadian  Astronomer,  wrote,  "  Please  convey  to  the  Society 
my  sincere  thanks  for  the  otfer  to  place  me  on  its  list  of  Corresponding 
Members.  I  need  not  say  that  I  appreciate  the  compliment  highly,  and 
shall  be  ghid  to  accept  the  position.  The  knowledge  that  the  nomination 
tomes  at  the  instance  of  your  President,  Mr.  Carpmael,  with  whom, 
I  have,  for  many  years,  had  such  pleasant  relations  and  for  whose 
great  ability  I  have  the  highest  resjject,  very  much  enhances  my  plea- 
sure in  accepting."  Professor  W.  H.  Pickering,  of  Ai^equipa,  Peru, 
writing  from  Cambridge,  Mass.,  said,  "I  may  say  it  will  give  me  great 
pleasure  to  become  a  Corresponding  Member  of  your  Society.  Thanking 
you  for  the  honour  done  me.''  Professor  AYilliam  A.  Rogers,  of  Colby 
University,  Waterville,  ^Nle.,  who  has  taken  a  deep  interest  in  Canadian 
scientific  matters,  said,  '■!  should  highly  appreciate  an  election  to  your 
Society  as  a  Corresponding  Member."  The  reading  of  these  letters  was 
followed  by  loud  applause.  Each  of  the  candidates  was  formally  proposed 
hj  motion,  duly  seconded,  movers  and  seconders  introducing  their  motions 
with  remarks  of  a  character  complimentary  to  their  nominees  and  their 
work.  Each  motion  was  carried  unanimously.  After  the  elections  were 
over,  the  Chairman  reminded  the  Society  that  with  such  illustrious 
names  on  its  Honour  Polls,  it  must  strive  harder  than  ever  to  sustain 
the  reputation  which  had  largely  been  instrumental  in  inducing  the  new 
members  to  accept  the  invitations  which  had  been  sent  to  them. 

On  motion  of  Mr.  Eoberc  Dewar,  seconded  by  Mr.  G.  G.  Pursey, 
the  cordial  thanks  of  the  Society  were  directed  to  be  tendered  to  the 
editors  of  The  Globe,  The  Mail  and  The  Empire  for  their  unvarying  cour- 
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tesy  and  for  enabling  the  Society,  by  a  generous  use  of  their  columns, 
to  reach  the  general  public  and,  by  means  of  reports  of  meetings,  articles 
and  notices,  to  awaken  a  wide  interest  in  Astronomy  and  Astro-Physics. 
Two  non-members  presented  plates,  suitable  for  framing ;  the  one  show- 
ing the  Yerkes  telescojie  as  it  was  to  be  seen  at  Chicago,  the  other  show- 
ing the  Lick  telescope  in  its  dome  at  Mount  Hamilton. 

Mr.  Pursey  laid  on  the  table  various  publications,  including  the  last 
reports  of  The  British  Astronomical  Association  and  The  Astronomical 
Society  of  the  Pacific,  as  well  as  a  presentation  and  advance  copy  of  the 
first  volume  of  the  new  edition  of  Webb's  "  Celestial  Objects  for  Com- 
mon Telescopes,"  published  by,  and  received  from,  Messrs.  Longmans, 
Green  &  Co.,  of  London.  In  addition  to  the  compliment  thus  paid  by 
the  publishers,  Rev.  T.  E.  Espin,  F.R.A.S.,  the  editor  of  the  new  edi- 
tion, in  his  preface,  credited  the  Society  with  having  suggested  valuable 
features  to  be  introduced  into  the  book,  which  is  invaluable  to  the 
amateur  astronomer.  The  first  volume  deals  entirely  with  the  solar 
system  j  the  second  with  the  stars. 

Mr.  Todhunter,  the  Treasurer,  presented  an  encouraging  annual 
report  showing  that  the  assets  of  the  Society,  including  telescopes, 
globes,  books,  etc.,  etc.,  had  been  valued  at  nearlj'  $1,100,  that  on  the 
31st  of  December  there  were  105  Active  Members,  22  Life,  Honourary, 
and  Corresponding  Members,  and  17  Associate-Members,  and  that,  after 
meeting  all  engagements,  there  was  a  small  balance  in  bank.  He 
pointed  out  that  in  the  public  intei'est,  as  well  as  in  that  of  the  Society, 
a  larger  revenue  could  be  expended,  partly  for  the  purpose  of  paving  the 
way  towards  procuring  additional  astronomical  and  physical  apparatus, 
and  ultimately  for  the  establishment  of  a  popular  Observatory,  where 
the  interested  public,  under  suitable  guidance,  might  have  opportunities 
to  see,  and  even  to  study,  the  Sun,  Moon,  planets  and  stai-s  under  the 
best  auspices.  Mr.  Sparling  reported  that  during  1893,  twenty-five  regu- 
lar meetings  had  been  held,  with  an  average  attendance  that  indicated  a 
well-sustained  interest,  summer  and  winter,  in  the  work  of  the  Society. 
On  motion  of  the  Treasurer,  the  annual  fee  for  active  lady  members 
was  placed  at  $1,  and  the  Life  Membership  fee  for  a  lady  member,  at 
.$10. 

Miss  A.  A.  Gray  read  a  list  of  phenomena  predicted  for  the  ensuing 
two  weeks,  special  reference  being  made  to  Jupiter  and  to  Saturn.  A 
gyroscope  was  presented  to  the  Society  by  Mr.    A.    Aronsberg,    who, 
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also,  explained  the  means  l?y  which  simple  lenses  could  be  made  by 
any  one. 

A  Special  Committee,  consisting  of  Messrs.  G.  E.  Lumsden,  A.  F. 
Miller,  A.  Aronsberg  and  C.  A.  Chant,  B.A.,  was  appointed  to  consider 
and  report  upon  the  propriety  of  petitioning  the  Dominion  Parliament 
to  reduce  or  remove  the  duty  upon  astronomical  apparatus  not  made  in 
Canada. 

A  very  interesting  display  of  the  aurora  at  6.10  p.m.,  January 
3rd.,  was  described  by  Messrs.  J.  A.  Copland,  Pursey,  Elvins,  J. 
Hollingworth,  of  Beatrice,  Miss  Wilkes  and  Dr.  Larratt  Smith.  Mr. 
Copland  said  when  he  first  noticed  the  aurora  all  the  streamers  were 
<leep  crimson  in  colour,  and  seemed  to  roll  into  each  other  and  then 
shoot  towards  the  zenith.  At  6.20,  the  deep  red  colour  seemed  to  be 
i-ent  in  two  places  by  white  bars  ;  white  and  red  then  kept  interchang- 
ing, with  crimson  predominating,  until  6.30,  after  which  the  display 
gradually  died  away.  It  was  decided  that  the  following  meeting  should 
be  devoted  to  .short  popular  papers  upon  Jupiter,  the  object  being  to 
■elicit  the  interest  of  some  of  the  younger  members. 

THE    PROPOSED    CHANGE    IN    RECKONING    THE    ASTRONOMICAL    DAY 

Was  the  subject  of  a  short  paper  by  Miss  A.  A.  Gray,  who  had  assisted 
in  compiling  the  answers  received  from  astronomers  in  various  parts  of 
the  world. 

Miss  Gray  said  the  Secretaries  were  still  in  receipt  of  an  occasional 
reply  to  the  Circular-letters  sent  out  in  May  last  for  the  purpose  of 
•eliciting  the  views  of  scientific  men  interested,  to  whom  the  following 
question  had  been  put,  '•  Is  it  desirable,  all  interests  considered,  that  on 
and  after  the  first  day  of  January,  1901,  the  Astronomical  Day  should 
everywhere  begin  at  Mean  Midnight]  "  At  the  date  of  compilation,  170 
answers  had  come  in.  These  had  been  tabulated  in  a  manner  which 
would  readily  show  the  various  opinions  held.  On  the  return  to  Canada 
of  Dr.  Sandford  Fleming,  C.M.G.,  the  Joint  Committee  would,  no 
■doubt,  take  steps  to  issue  an  Official  Statement.  In  the  meantime, 
without  detracting  in  any  important  degree  either  from  the  value  of  or 
the  interest  attaching  to  the  Statement,  it  might  be  mentioned  that 
while  most  of  the  replies  were  simply  in  the  aflirmative,  or  in  the 
negative,  there  were  many  which  were  qualified  in  some  respect.  In 
some  instances,  reasons  were  given  ;  in  others  the  answer  was  accom- 
19 
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panied  by  a  statement  more  or  less  lengthy,  and  in  one  or  two  others,  a. 
carefully  prepared  paper  was  submitted.  All  the  categorical  replies 
were  in  English.  Of  the  replies  from  foreign  countries,  with  notes 
written  in  English,  five  were  from  Germany,  four  from  Italy,  four  from 
Austria,  and  one  each  from  Russia,  France,  Norway,  Holland,  and 
Colombia.  Of  answers,  with  notes  to  be  translated,  three  were  from 
Germany,  and  one  each  from  Ru.ssia  (in  German),  Belgium,  France  and 
Mexico.  This  was  alluded  to  only  to  show  thut  the  English  language 
seems  to  be  rajudly  becoming  a  medium  for  the  communication  of 
scientific  information.     Miss  Gi-ay  then  read  the  following 

SYNOPSIS    OF    REPLIES    RECEIVED. 


COUNTRIES. 


Austria    

Australia    

Belgium 

British  Islands — 

England 

Irelautl    

Scotland 

Canada    

Colombia    

France 

Germany 

Greece 

Holland 

Italy    

Jamaica 

Madagascar    

Mexico     

Norway 

Portugal 

Koumania     

Russia 

Spain 

Switzerland    

United  States  of  America 


16 
4 


12 
2 


25^ 


1 

0^ 

4 

0 

4 

1 

0 

1 

4 

0 

4 

7 

31 

38. 

1 

0 

0 

1 

8 

3 

11 

1 

0 

1 

0 

5 

0 

5^ 

0 

1 

0 

1 

1 

0 

6 

5 

11 

2 

0 

2 

2 

2 

4 

28 

10 

38 

107 

63 

170 
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The  following 

ANNUAL    ADDRESS, 

embracing  an  Astronomical  Review  of  1893,  was  then  delivered  by  Mr. 
Vice-President  Paterson  : — 

The  men  of  ancient  Greece  taught  the  fable  of  the  Sphinx,  a  mon- 
ster who  lived  on  a  mountain  peak  near  the  city  of  Thebes.  She 
received  from  the  ]\Tuses  certain  dark,  mystei-ious  riddles,  which  she 
propounded  to  wayfaring  travellers  wlumi  she  captured,  and  if  they 
could  not  solve  and  interpret  these  riddles,  then  she  fell  upon  them,  as 
they  stood  appalled  with  their  failure,  and  tore  them  to  pieces.  The 
Thebans,  to  rid  themselves  of  this  plague,  offered  the  Kingdom  to 
the  man  who  could  guess  her  riddle,  for  that  was  the  only  way 
the  Sphinx  could  be  destroyed.  (Hdipns,  a  far-sighted,  thinking  man, 
though  lame  in  his  feet,  inspired  by  so  great  a  reward,  took  up 
the  challenge  and  presented  himself  to  the  monster,  who  directly 
asked  him  :  "  What  creature  that  was,  which  being  born  four-footed 
afterwards  became  two-footed,  then  three-footed,  and,  lastly,  four- 
footed  again."  CEdipus  replied  it  was  Man,  and  explained  his  answer. 
He  then  slew  the  monster,  and  laying  the  carcass  upon  an  ass  led  her 
away  in  triumph,  and  so  became  King  of  Thebes, 

In  this  fable  the  Sphinx  is  Sci(!nce  throned  on  a  towering  height 
because  hard  to  understand — a  lofty  and  mysterious  creature,  looking 
down  upon  the  uncultured  crowd  from  a  pinnacle, — and  a  monster  because 
looked  at  by  the  ignorant,  and  made,  by  the  gulf  of  distance,  a  fearful 
wonder.  The  Muses  of  mere  theory  give  their  speculations  to  the  Sphinx, 
that  is,  to  the  test  of  practice,  which  incites  to  thought  and  action  the 
minds  of  men,  and  thus  staggers  and  harrasses  them.  Qidipus,  the  lame 
and  impotent  man,  conquers  the  Sphinx.  Those  who  were  conquered 
aj^proached  the  solution  of  the  problem  with  headlong  haste  and  inex- 
perienced zeal ;  but  the  conqueror,  slowly,  deliberately  and  thoughtfully. 
When  the  monster  was  conquered  her  carcass  was  laid  upon  an  ass,  for 
there  is  nothing  so  lofty  or  abstruse  but,  after  being  made  plain  and 
intelligible,  it  may  be  received  by  the  dullest  comprehension.  The 
reward  was  a  Kingdom,  and  so  he  who  conquers  Science  acquires  dominion, 
and  wears  a  diadem  brighter  than  that  won  by  arms.  "  The  pen  is 
mightier  than  the  sword."  It  was  so  taught  by  the  philosophers  of  that 
rude  age,  long  before  Bulwer  created  Richelieu  ;  and  thus  the  march  of 
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Science  and  Discovery  was   by  these  ancient  men    taught   by  this  beau- 
tiful and  ingenious  apothegm. 

From  century  to  century,  from  year  to  year,  men,  ambitious  for  con- 
quest and  the  dominion  that  knowledge  gives,  but  with  hesitating  and 
humble  approach,  have  solved  thej)roblems  of  the  Sphinx — Science — and 
have  presented  the  results  to  the  less  instructed  and  less  gifted  and,  there- 
upon, have  become  stamped  with  the  emblems  of  royalty.      (Applause.) 

The  progress  of  Astronomy  has  been  a  progress  of  triumphs.  The 
Astronomer  has  ever  lived  ;  he  never  dies.  The  palaces  of  Babylon,  the 
plains  of  Shinar,  the  temples  of  India,  the  pyramids  of  Egypt,  the 
schools  of  Greece,  the  deserts  of  Arabia,  the  rude  cloisters  and  roofless 
temples  of  Druidic  and  Scandinavian  Mythology,  have  been  his  observa- 
tories. From  age  to  age  the  torch  has  been  kept  blazing.  When 
Copernicus  laid  it  down,  Tycho  picked  it  up  and  passed  it  on  to  Galileo, 
who,  in  turn,  gave  it  to  Kepler,  and  then  Newton  took  it,  and  so  the 
light  ha.s  grown  until  the  hands  that  are  reached  out  to  grasp  the  torch, 
circle  the  world.  The  watch  towers  of  Science  now  cover  the  whole 
Earth  and  their  sentinels  keep  an  unbroken  vigil  ;  they  are  under  the 
shadow  of  Eternity.  No  star  or  nebula  can  ever  set ;  if  it  escapes  the 
piercing  gaze  of  one  astronomer,  it  will  meet  the  far-reaching  scrutiny 
of  another,  and  if  any  is  so  far  bui'ied  in  the  depth  of  space  that  no 
human  eye  can  reach  it,  then  the  eagle  intellect  of  man  has  contrived 
means  whereby  the  orb,  or  fiery  haze,  can  record  its  own  existence  and 
measurement  on  a  photographic  plate.  God's  revelation  of  a  Redeemer 
was  complete  nineteen  hundred  years  ago,  but  the  revelation  of  His  wis- 
dom and  power  as  shown  in  the  Bible  of  the  Heavens  around  us,  that 
Fifth  Gospel,  is  not  complete  yet ;  it  grows  from  century  to  century,  and 
we  read  the  hieroglyph  more  clearly  blazoned  on  the  sky  as  each 
January  ripens  into  the  following  December.     (Applause.) 

We  of  the  year  1894  are  highly  privileged.  We  stand  on  the  crest 
of  Science's  continued  accretions.  Below  us  are  the  slopes  that  have  led 
up  to  the  apex  through  many  a  dark  valley  of  disappointing  theories 
that  once  cast  a  rainbow  glamour  round  about;  over  many  a  rock  of 
brain  wearying  problems  that  yet  brought  a  noble  fruition  ;  across  many 
a  I'iver  that  swept  down  false  but  once  cherished  discovei-ies  and  sifted 
the  golden  grains  of  Truth  from  the  sands  of  Error.  Under  the  light  of 
this  foremost  century  we  stand,  while  above  us  yet  tower  the  unsealed 
heights  enveloped   in  the  mists  that  the  human  mind  is  yet  to  scatter. 
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The  mass  of  accumulations  is  growing  into  order  witli  every  year  :  with 
every  advance  in  knowledge  some  ajjparent  disorder  becomes  orderly^ 
the  disjointed  becomes  jointed.  No  matter  how  exceptional  a  fact 
appears,  when  closely  studied  and  mastered  it  quietly  takes  its  place  as 
a  link  in  the  endless  chain  of  law  ;  it  becomes  at  once  the  effect  of  some 
antecedent  ca.use,  and  the  cause  of  some  subsequent  effect.     (Applause.) 

The  year  1892  boasted  of  the  discoveries  of  the  fifth  satellite  of 
Jupiter  and  Nova  Aurigse.  The  year  1893  has  not  had  its  remarkable 
discoveries,  nor  its  prominent  scientific  events,  but  it  has  borne  its  share 
of  interpreting  those  wondrous  rhymes  of  the  Universe  which  Nature 
sings  to  all  her  children.  The  arcana  of  the  sky  are  still  being  searched, 
and  its  mysteries  are  year  by  year  being  revealed. 

I.  The  giant  member  of  our  system  has  been  receiving  much  atten- 
tion from  Professor  W.  H.  Pickering  at  his  Arequipa  Observatory,  in 
Peru.  The  mighty  Jupiter,  j)resenting  as  he  does  a  system  within  a 
system,  invites  constant  study,  and,  under  the  watchful  eye  of  Professor 
Pickering,  more  of  the  Jovian  secrets  are  being  revealed.  Lr.places 
"Ring  Theory  of  Evolution,"  as  first  enunciated,  has,  under  modern 
observations,  developed  a  series  of  exce])tions,  and  as  exceptio  prohat 
regulam,  the  theory  has  become  more  thoroughly  established.  As 
applied  to  Jupiter,  the  following  propositions  are  enunciated: — (1) 
Jupiter  was  formerly  surrounded  by  a  series  of  rings  similar  to  those 
now  surrounding  Saturn.  (2)  The  direction  of  rotation  of  these  \iu"& 
was  direct,  like  that  of  the  planet.  (3)  By  some  force,  whose  cause  is 
not  explained,  they  were  shattered,  their  components  uniting,  but  still 
retaining  the  same  orbit.  (4)  Like  the  original  rings,  each  satellite 
still  consists  of  a  swarm  of  meteorites,  their  consolidation  having  been 
intercepted  by  the  enormous  tides  produced  in  them  by  their  primaiy. 
These  propositions  are  inductively  established  by  various  observed 
facts,  all  of  which  in  turn  are  entirely  consistent  with  these  theories,, 
and  therefore  it  is  concluded  that  the  theories  are  true  and  scien- 
tific. These  facts  are  the  small  density  of  the  .satellites,  the  retro- 
grade rotation  and  elongated  shape  of  the  first,  the  small  density 
of  the  first  as  compared  with  any  of  the  others,  the  regularly  recur- 
ring changes  of  shape  of  the  discs  of  the  other  satellites,  caused  by 
a  rotation  about  their  major  axes,  and  others,  which  time  forbids  me  to 
mention.  The  Jovian  system  has,  therefore,  bodies  that  appear  egg- 
shaped    and  go  through,   at    regular    intervals,   changes  of  shape  from 
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«illi[)tic  to  circular.  Pickering  concludes  that  if  the  rings  had  been  solid 
bodies,  each  moving  as  one  piece,  their  outer  edges  would  evidently  have 
moved  faster  than  their  inner  ones,  and  had  they  later  been  sliattered  by 
some  cause  and  converted  into  one  or  more  satellites,  that  each  satellite 
would  have  had  a  direct  lotation  like  the  ring  from  which  it  was  framed. 
If,  however,  the  rings  were  composed  of  meteorites,  as  has  been  shown  is 
necessarily  the  case  with  the  rings  of  Saturn,  their  inner  edges  would 
travel  the  faster,  and,  upon  their  breaking  up,  the  resultant  satellites 
would  all  have  a  retrograde  i-otation,  and  so  Laplace  stands  impregnable. 
Extending  the  same  reasoning  to  the  solar  system,  Pickering  concludes 
that  the  Eartli  and  all  the  planets,  at  first,  had  a  retrograde  rotation, 
and  being  thus  in  a  position  of  unstable  equilibiiam,  the  axes  of 
rotation  through  immense  cycles  slowly  shifted  into  the  present  posi- 
tion of  stable  equilibrium.  So,  at  one  time,  terrestrial  objects  now 
situated  to  the  South  of  us  would  have  been  found  under  the  North- 
ern stars,  the  Sun  rising  in  the  West  and  setting  in  the  East,  while 
the  stars  moved  backwai-ds  in  their  nightly  courses.  This  change  of 
rotation  from  the  retrograde  to  the  direct  is  exemplified  in  the  curi- 
ous instrument  known  as  the  gyroscope.  It  is  satisfactory  to  us  to 
know  that  we  are  living  in  an  age  when  there  is  nothing  retrograde 
about  our  mother  Earth,  that  she  is  stable  and  moving  in  a  satisfactory 
manner,  without  a  jar  of  continent,  or  swirling  spill  of  ocean,  and 
■"direct"  in  her  orbit.     (Applause.) 

II.  As  far  back  as  1891  attention  was  called  to  a  suspected  A'ariation 
in  the  latitude  of  certain  places  where  accurate  observations  for  latitude 
had  been  undertaken,  and  investigation  was  forthwith  commenced,  but 
the  honour  of  the  discovery  of  the  way  to  apply  the  key  and  open  the 
lock  was  kept  for  1893,  and  the  discoverer  was  Mr.  S.  C.  Chandler,  of 
Cambridge,  U.  S.,  who  has  proved  the  occurrence  of  periodic  changes  in 
latitude,  and  more  particularly  of  a  rotation  of  the  geographical  round 
the  astronomical  pole,  in  427  days.  It  had  formerly  been  an  accepted 
dogma  that  the  axis  of  rotation  of  the  Earth  revolves  relatively  to  the 
axis  of  figure  in  a  direction  from  West  to  East,  in  a  period  of  30G  days. 
This  motion  of  the  axis  of  rotation  would,  of  course,  reveal  itself  in  a 
change  of  latitude,  as  determined  by  celestial  observation,  and  the 
plienomena  was  generally  referred  to  as  the  "  10-month  period  in  lati- 
tude." But  now  we  must  speak  of  the  "  14-month  period  in  latitude," 
for  so  Mr.  Chandler  has  discovered  after  discussing  an  immense  amount 
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of  observations,  33,000,  taken  in  seventeen  observatories  (four  of  then^ 
in  the  Southern  hemisphere),  with  twenty-one  different  instruments,^ 
and  by  nine  distinct  methods  of  observation.  Professor  Newconib 
turned  his  attention  to  it,  and  he  found  that  a  very  plausible  assumption 
as  to  the  elasticity  of  the  Earth  would  account  for  a  14-month  period. 
The  old  306  day  period  was  based  upon  the  hypothesis  that  the  Earth  is 
an  absolutely  rigid  body  ;  but,  as  a  matter  of  fact,  the  fluidity  of  the 
ocean  plays  an  important  part  in  the  phenomenon,  as  does  also  the  elas- 
ticity of  the  Earth  ;  and  it  is  very  satisfactory  to  And  that  theory  and 
observation  can  thus  be  made  to  harmonize  with  what  is,  at  all  events, 
from  the  theoretical  point  of  view,  a  very  important  matter.  The 
expression,  then,  "as  solid  as  the  Earth,"  may  be  a  misnomer;  we  may, 
after  all,  live  and  move,  and  have  our  being  on  an  immense  rubber  ball, 
so  to  speak,  that  changes  its  shape.  However,  that  may  be,  we  may 
write  Q.E.D.  after  the  proposition  that  the  axis  of  rotation  of  the  Earth 
re%'olves  round  the  axis  of  figure  from  West  to  East  in  about  427  days, 
the  distance  between  the  axes  being  about  a  quarter  of  a  second  of  arc,. 
or  twenty-five  feet  on  the  Earth's  surface.  How  n)arvellons  is  the  skill, 
patience,  and  ingenuity  of  man  to  detect  such  an  intiuitesimal  irregu- 
larity as  a  motion  of  a  globe  24,000  miles  in  circumference  round  an 
axis  that,  if  it  could  be  located  physically,  would  jut  out  through  the^ 
surface  only  twenty-five  feet  from  what  we  call  the  North  Pole,  giving 
our  Earth  a  very  slight  soi-t  of  wobbling  motion,  or,  as  she  is  our 
mother,  and  therefore  a  lady,  we  should  better  .say,  undulating  motion, 
and  watched,  as  she  floats  through  space  in  her  graceful  swing,  on  one 
side  by  the  fiery  god  of  War,  and  on  the  other  by  the  goddess  of 
Beauty.  It  i.s,  of  course,  needless  to  remark,  that  this  erratic  twist  is 
entirely  different  from  the  nutation  of  the  Earth's  axis,  which  completes 
its  stately  nod  in  nineteen  years  or  thereabouts.  For  this  discovery,  Mr. 
Chandler  was  awarded  a  gold  medal.     (App)lause.) 

III.  The  roll  call  of  the  asteroids  still  continues  to  increase.  Since 
Bode's  law  showed  a  gap  Ijetween  Mai's  and  Jupjiter  and  observation  in 
that  belt  of  the  sky  commenced,  346  have  been  discovered,  and  in  1803 
fifty  of  this  number  have  been  catalogued,  and  thirty-eight  of  these  fifty 
are  credited  to  one  astronomer,  M.  Charloi.s,  of  Nice.  These  pigmy 
chililren  of  the  Sun  are  so  numerous  that  the  stock  of  distinctive  names 
has  been  exhausted,  and  only  one  of  these  new  strangers  has  been 
named,  and  she  is  ''  DemVxiwska,"  which  name  indicates  surely,  that  the 
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brain  has  grown  weary  of  inventing  names.     Only  one  of  these  asteroids 
in  1893  was  discovered  without  the  aid  of  photography. 

IV.  The  year  1893  has  its  share  of  new  comets.  Rordame's  Comet 
•was  discovered,  July  8th,  simultaneously  at  two  places,  at  Alta,  Iowa, 
and  Salt  Lake  City,  Utah.  Rordame  was  the  Salt  Lake  Cit}'  observer. 
Telegraphic  announcements  were  made  from  both  places.  The  comet 
appeared  in  the  twilight  of  the  North-west  sky  as  a  hazy  third 
magnitude  star,  with  a  tail  of  about  1°.  Its  motion  was  very  rapid 
owing  to  its  proximity  to  the  Earth,  and  its  direction  to  the  South-east 
soon  carried  it  out  of  sight.  Photography  showed  the  tail  to  have  four 
distinct  branches,  with  an  outward  spiral  motion.  Finlay's  Comet  of 
1886,  revolving  in  an  ellipse  with  a  periodic  time  of  nearly  six  and 
three-fourth  years,  was,  on  the  morning  of  May  17th,  searched  for  by  its 
original  discoverer  at  the  Cape  Observatory,  and,  true  to  its  covenant 
to  observe  its  law  and  ))eriod,  it  crossed  the  field  of  view  of  his  teles- 
cope on  time.  Holmes'  Comet  belongs  to  1892,  but  it  chose  16th  Jan- 
uary, 1893,  for  a  display  of  unusual  behaviour.  Instead  of  proceeding 
in  its  cour.se,  minding  its  own  business,  as  a  well  trained  comet  ought  to 
do,  at  20.10  o'clock  that  evening,  i-ight  before  Professor  Barnard's  eye, 
it  commenced  to  grow  and  grow  until,  at  22.43  o'clock,  puffed  up  with 
jtride  and  self-importance,  it  became  nearly  twice  its  original  size.  It 
tirst  registered  29"  .4  on  the  micrometer  wire,  and  ended,  with  a 
registry  of  47 "  .9.  Barnard  says  "This  is  certainly  the  most  remark- 
able comet  I  have  ever  seen."  In  explunation  of  the  genesis  and  growth 
of  this  comet,  S.  J.  Corrigan  of  St.  Paul,  Minnesota,  offers  a  theory  of  a 
collision  between  two  asteroids.  The  tir.st  effects  of  such  a  collision 
would  be  to  expand  the  volume  of  the  resultant  body,  some  of  the  mat- 
ter whereof  would  be  thrown  entirely  beyond  the  sphere  of  attraction 
due  to  the  mass  of  said  body.  This  matter,  thus  diffusing  in  space, 
appeared  as  a  rapidly  expanding  nebulous  envelo[)e  seen  shortly  after 
the  discovery  of  the  comet.  But  probably  the  greater  part  of  the  mat- 
ter did  not  pass  beyond  the  sphere  of  attraction,  and,  if  so,  it  must  have 
fallen  back  towards  the  centre  of  gravitation  of  the  mass.  As  expan- 
sion and  separation  of  the  matter  diminish  the  brightness  of  the  nucleus, 
so  must  the  attraction  above  described  have  increa,sed  the  brilliancy 
thereof,  producing  the  effect  observed.  The  fall  of  this  matter  must 
have  generated  heat,  and  so  the  nucleus  became  truly  a  flower  in  the 
sky,  generated  by  heat   and    growing   from    bud    to  blossom  by  heat. 
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Holmes'  Comet  is  within  the  belt  of  asteroids  and  it  yet  is  a  question 
whether  Holmes  discovered  a  comet  or  a  new  asteroid.  If  a  groui)  of 
asteroids  could  separate  from  a  common  origin,  may  not  re-unions  or 
collisions  be  also  possible  ? 

V.  The  total  solar  eclipse  of  April  16th  last,  excited  the  greatest 
interest.  Two  British  expeditions  went  forth,  one  to  West  Africa  and 
the  other  to  Brazil ;  two  French  expeditions  were  stationed  on  the  West 
African  Coast.  The  American  astronomers,  under  Professor  Pickering, 
were  located,  in  Chili.  The  study  of  the  solar  corona  made  a  substantial 
advance.  Whether  the  corona  is  subject  to  rapid  changes  of  form,  or 
not,  will  no  doubt  be  answered  from  comparison  of  the  photogra])hic 
plates  taken  by  the  ob.servers.  One  result  is  already  obtained,  viz.,  that 
the  corona  .shares  in  the  general  rotation  of  the  Sun's  disc.  Photography 
here  asserts  her  claims  as  the  most  wonderful  weapon  of  discovery  since 
the  inventions  of  the  telescope  and  spectroscope  with  which  Astronomy 
has  been  equipjied.  The  corona  has  never  been  photographed  without 
the  accompanying  eclipse,  and  if  there  was  no  camera  we  should  yet 
know  little,  for  all  we  know  of  the  corona  is  told  in  the  speeding 
moments  of  an  eclipse,  and  strong  must  be  the  nerve  and  clear  the 
judgment  of  the  astronomer  who  can  make  his  observations  during  the 
critical  moments  of  darkness,  with  an  undisturbed  mind.  Fortunately, 
however,  for  Astronomy  "  the  camera  has  no  imagination,  and  the 
imperfections  of  the  photographic  film,  however  numerous,  are  not  of  a 
nervous  character." 

VI,  The  Hungarian  astronomers  send  their  contribution  to  1893. 
Late  photographs  of  the  Moon  taken  by  the  Astronomer-Photo- 
grapher of  the  Pestli  Academy  exhibit  some  unaccountable  peculiarities. 
The  plates  show  hundreds  of  walls  or  embankments,  seemingly  about 
200  feet  high  and  from  125  to  200  yards  in  width  on  top.  They  run 
parallel  to  each  other,  and  appear  to  be  from  1,000  to  1,300  yards  apart. 

VTI.  The  sj^stematic  study  of  aurorte  has  received  in  1893  a  new 
impetus.  As  we  know.  Dr.  M.  A.  Veeder,  of  Lyons,  N.  Y.,  has  given 
large  attention  to  this  study  and  he  has  formed  a  plan,  in  which  our 
Society  has  taken  its  own  part,  by  which  observers  in  tlie  United  States 
and  Canada  may  co-operate  systematiealh'  in  observing  auroral  displays. 
It  is  confidently  anticipated  that  it  will  become  possible  to  give  a  simple 
and  complete  explanation  of  the  entire  magnetic  .system  of  the  globe, 
and  of  the  changes  which  it  undergoes. 
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VIII.  The  year  1893  has  given  birth  to  a  new  engine  of  discovery, 
the  great  Yerkes'  Telescope,  the  40-inch  Chicago  Telescope  (four  inches 
larger  than  the  monster  Lick  Eefractor),  of  which  we  received  a  full 
account  from  our  Corresponding  Secretary,  Mr.  G.  E.  Lumsden,  not  long 
ago.  The  total  weight  is  75  tons,  and,  when  pointed  to  the  zenith,  the 
object-glass  will  be  72  feet  up  in  the  air,  about  as  high  as  a  seven-storey 
house.  What  it  will  discover  for  us,  we  shall  watch  and  chronicle 
with  interest. 

IX.  God  buries  his  workers,  but  the  work  goes  on.  A  noted  man 
on  the  28th  May  last,  lowered  his  arms  in  life's  conflict  before  the 
eighty -fifth  year  of  his  age  had  closed,  and  entered  into  his  rest, — the 
Savillian  Professor  of  Astronomy  and  Director  of  the  Oxford  Univer- 
sity Observatory,  the  Eev.  Charles  Pritchard.  It  was  not  till  he  was 
fifty-seven  jears  old  that  he  took  any  active  sha)-e  in  astronomical 
research,  or  gave  signs  of  that  energy  and  zeal  which  characterized  his 
later  years.  We  regret  that  in  our  own  University  of  Toionto,  there  is 
no  Astronomical  Observatory,  and  no  equipment,  but  we  learn  that  the 
old  University  of  Oxford  possessed  none  until  1870.  We  trust  our 
University  will  not  let  centuries  go  by,  as  did  Oxford,  before  she  becomes 
a  student  of  the  stars.  For  his  photometrical  research,  Pritchard  re- 
ceived the  gold  medal  of  the  Royal  Astronomical  Society  in  conjunction 
with  Professor  Pickering,  who  had  been  engaged  in  stellar  photometry 
about  the  same  time.  He  determined  the  parallax  of  thirty  stars  of  the 
second  magnitude  while  at  Oxford,  and  thus  went  far  into  the  solution 
of  a  great  cosmical  problem.  For  this  he  received  the  medal  of  the 
Eoyal  Society.  Other  problems  wei'e  engaging  his  indefatigable  zeal 
when  he  was  called  upon  to  solve  the  great  problem  of  death  and 
immortality. 

Thus  Time  drifts  on  :  the  firmament  above  is  old,  but  never  ages; 
and  the  Science  that  seeks  its  secret  and  wiites  its  story  is  old,  but  yet 
ever  has  the  bloom  of  youth  upon  her  cheek.  The  reseai-ch  of  1893  is 
closed,  and  we  almost  hear  the  not  far  oft'  triumphs  of  1894.  Man's 
active  hand  still  works,  his  busy  brain  still  throbs,  his  lestless  heart  still 
beats  for  yet  more  glorious  results,  and  these  will  yet  fill  a  historic  page 
and  make  it  lustrous. 

The  delivery  of  the  address  was  followed  by  enthusiastic  applause 
and  by  a  vote  of  thanks  eloquently  moved  by  Mr.  TurnbuU.  After  some 
further  busine.ss,  the  proceedings  for  1893  were  brought  to  a  close  by 
adjournment. 
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Joseph  Francis  McBhide  was  born  in  CUasgow,  Scotland, 
in  1S5.J.  His  father  died  in  1860,  and  his  mother  shortly 
cifteruards  uarae  to  Canada,  and  took  up  her  residence  at 
Willvcsport,  Ontario.  After  attending  school  at  Wilkesport, 
the  subject  of  this  sketch  was  advanced  to  the  Streetsville 
Hiah  School,  where  he  studied  Classics  for  some  time  under 
.1.  J.  Wadsworth,  M.A.,  M.B. 

In  speaking  of  his  education  there,  Dr.  Wadsworth  says 
that  "  He  was  a  clever,  studious  boy,  to  whom  it  M^as  an  easy 
task  to  impart  knowledge.  His  mind  was  lighted  up  by  a 
steady  glow  of  enthusiasm,  to  which  the  average  school-tioy 
is  a  stranger.  He  could  easilj-  excel  in  any  branch,  but  was 
best  at  Classics  and  English.  He  read  authors  in  Latin,  not 
on  any  curriculum  for  matriculation,  for  his  own  pleasure. 
His  was,  indeed,  a  very  superior  mind." 

He  left  Streetsville  to  study  for  the  Church,  attended 
Niagara  University  and  Laval  University,  and,  completing 
his  theology  in  the  Grand  Seminary.  Montreal,  was  ordained 
by  tlie  late  Archbishop  I^ynch  in  1878.  His  first  charge  was  at 
St.  Michael's  Cathedral ;  his  second,  St.  Paul's  Church,  Toronto, 
whence  he  was  removed  to  Penetanguishene,  in  connection  with 
the  Reformatory.  While  there  he  made  systematic  surveys 
of  the  neighbouring  counties,  being  particularly  interested  in 
this  class  of  practical  astronomical  work. 

Subsequently  Father  McBride  was  pastor  of  the  Church  of 
Our  Lady  of  Lourdes,  and  acted  as  Secretary  to  Archbishop 
Lynch. 

His  last  charge  was  at  Brockton,  where  he  was  curate  to 
the  Very  Rev.  Dean  Cassidy.  While  at  Brockton  he  became 
associated  with  The  Astronomical  and  Physical  Society  of 
Toronto,  and  his  genial  companionship  was  enjoyed  by  manj' 
of  its  members. 

The  kindly  priest,  active  in  mind,  varied  in  talent,  a  master 
student  in  theology,  science,  literature,  and  music,  was  still 
not  physically  very  strong,  and  liis  health  having  been  seriously 
undermined  during  the  summer  of  1S9.S,  he  succumbed  to  a 
severe  attack  of  Bright's  disease  on  August  20th,  at  St. 
Michael's  Hospital. 

A  most  lovable  feature  in  the  character  of  Father  McBride 
was  his  life-long  tender  devotion  to  iiis  aunt,  who  had  the  care 
of  his  early  training,  his  mother  having  entered  a  religious 
community  shortly  after  coming  to  Canada. 

These  relatives  and  many  friends  mourn  the  loss  of  one 
whose  life  was  a  lesson  in  kindly  love  to  all  men. 


CHARLES    CARPMAEL,  M.  A.  (Cantab.) 
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TRANSACTIONS 

OF 

The  Astronomical  and  Physical  Society 

OF  TORONTO, 

DURING  THE  Year   1894. 


FIRST  MEETirNG. 


January  23rd.  On  taking  the  chair,  Dr.  Larratt  "W.  Smith,  Q.  C, 
thanked  the  Society  for  the  honour  of  i-e-election  as  Vice-President,  and 
assured  the  members  he  would  continue  to  take  an  active  interest  in 
their  work,     (Applause.) 

Mrs.  Annie  G.  Savigny  was  elected  an  active  member  of  the 
Society. 

Dr.  A.  D.  Watson  reported  at  some  length  his  observations  of 
Saturn  ;  in  his  telescope,  a  3-inch  by  Vion  Freres,  of  Paris,  he  had  been 
able  to  see  Cassini's  division  very  clearly,  a  test  considered  severe  for 
the  aperture  used.  He  referred  also  to  the  approaching  conjunction  of 
Venus,  and  thought  it  might  be  of  some  interest  to  note  how  near  to  the 
Sun  the  planet  could  be  seen. 

The  Chairman  announced  that  short  papers  on  Jupiter  had  been 
prepared  by  several  members,  and  called  first  upon  Mr.  W.  B.  Musson, 
who  read  some  notes  on  the  "  Mythology  of  Jupiter."' 

Mr.  Musson  said  that  to  the  astronomer  the  word  "Jupiter"  is 
merely  a  name,  distinguishing  the  largest  planet  of  our  system  ;  it  was 
not  so  to  the  ancients  ;  to  them  the  word  had  a  far  deeper  signification. 
Jupiter  was  the  chief  of  all  the  deities ;  the  lord  of  the  heavens ;  the 
god  whose  favour  was  to  be  won  by  sacrifice  and  supplication,  and  whose 
anger  meant  destruction.  How,  then,  did  the  ruler  of  Olympus,  and  the 
beautiful  and  colossal  planet  become  associated  under  the  same  name  ? 
Did  the  observations  of  the  planet,  and  its  supposed  influence  over 
human  destinies  develop  in  Man  the  idea  of  the  god,  or  was  man's  ori- 
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ginal  conception  of  the  deity  personified  in  the  mysterious  wanderer  of 
the  skies  ?  The  study  of  the  heavens  stretches  so  far  back  into  the 
youth,  of  the  human  race  that  its  beginnings  are  shrouded  in  the  gloom 
of  tradition.  Astronomy  did  not  originate  with  any  one  particular 
nation,  but  belongs  to  all  races  and  all  ages.  Chinese,  Arabians,  Egyp- 
tians, Chaldeans,  Hindoos,  Greeks  and  Romans,  among  others,  were 
students  of  the  Science,  in  one  or  other  of  its  forms,  and  have  bequeathed 
to  us  their  discoveries,  their  legends,  and  their  myths.  It  is  true  the 
study  only  developed  into  a  system  when  something  like  civilization  had 
appeared,  but  the  rudest  savage  must  in  some  degree  have  observed  the 
appearance  and  movements  of  the  heavenly  bodies.  The  lonely  hunter 
would,  doubtless,  note  the  advancing  constellations  and  superstitiously 
connect  them  with  the  fortunes  of  the  chase.  A  certain  group  of  stars 
invariably  appeared  at  the  season  when  the  lion,  pressed  by  thirst,  most 
frequented  the  lakes  and  pools.  Hence,  the  "  Leo  "'  of  the  Zodiac.  When 
pastoral  life  began  it  was  still  more  necessary  that  Man  should  have 
some  means  of  measuring  time.  He  must  record  the  time  of  breeding 
in  his  flocks,  the  hiring  of  labour,  and  the  season  for  sowing  seed.  What 
clock,  then,  more  convenient,  than  the  Vault  of  Heaven  1  The  move- 
ments of  the  "  eternal  stars  "  would  thus  become  identified  with  terres- 
trial aflTairs,  and  might  not  improbably  come  to  be  regarded  as  their 
causes.  The  planets  would  naturally  be  included  on  the  heavenly  dial, 
but  a  very  little  observation  would  sufllce  to  mark  the  fact  that  their 
movements  were  not  regular,  and  they  would  then  become  objects  of 
special  attention.  If  the  Sun,  Moon  and  stars  were  found  to  serve  a 
purpose,  why  should  not  the  planets  exert  an  influence  upon  human 
affairs  1  Here,  then,  we  arrive  at  a  point  where  the  stars  may  have 
become  woven  into  the  I'eligious  beliefs  and  confounded  with  the  deities 
of  Man.  We  know  that  in  the  olden  time  the  study  of  the  heavenly 
bodies  certainly  formed  an  important  part  of  religion,  and  that  in  the 
stars  men  saw  their  deities  visibly  enthroned  in  the  mysterious  depths 
of  space.  So  powerful,  in  fact,  was  this  influence  that  it  is  said  when 
Bede  and  other  theologians  in  the  eighth  century  wished  to  depose  the 
Olj'mpian  gods,  they  proposed,  as  the  first  step,  to  substitute  for  the 
name  of  the  Ram,  the  first  of  the  Zodiacal  groups,  that  of  St.  Peter, 
for  the  Bull,  St.  Andrew,  and  so  on.  The  planet  Jupiter,  on  account 
of  his  great  lustre,  was  one  of  the  first  single  objects  to  attract 
attention  in  this  way.     This  wandering  star  had  various  names  among 
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different  nations  ;  in  fact,  we  know  that  his  Egyptian  name  corresponds 
to  our  word  "brilliant";  but  he  was  best  known  as  the  Roman 
Jupiter,  or  Greek  Zcw?.  Had  we  time,  it  would  be  intei'esting  to 
recall  the  various  powers  and  characteristics  attributed  to  this  planet. 
For  instance,  the  Babylonian  priests  identified  Jupiter  with  the  metal 
tin,  Pliny  thought  him  to  be  the  origin  of  lightning,  whilst  Albert  the 
Great  assigned  to  him  the  colour  blue,  asserted  that  he  was  "  ruler  over 
honour,  riches,  wishes  and  cleanliness,"  and  regarded  him  as  temperate 
and  benign  in  influence.  On  the  whole,  .Jupiter  appears  to  have  borne 
a  creditable  reputation.  In  the  following  words,  an  almanack  of  1368 
testifies  to  his  innocence  : — "Jupiter  is  hot  and  moist,  does  good  to  all 
things,  and  hurts  nothing."  Surely,  this  is  all  that  could  reasonably  be 
expected  of  any  planet. 

Let  us  now  see  what  manner  of  god   it  was  that   had  been  evolved 
by  this  process  of  time  and  of  study.     Among  the  Romans,  Jupiter  was 
supposed  to  care  for  the  vintage.     The  Ides  of  the  month  were  sacred  to 
him,  and  he  was  held  to  be  the  "  spirit   of  oaths."     No  war  was  under- 
taken without  first  seeking  his  favour,  and  thanks  were  always  returned 
to  him  for  victory.      His  Hindoo  name  signified  "  Master  of  the  Faith." 
The  Etruscans  supposed  him  to  be  the  Revealer  of  Fate.     The  god  Jupiter 
could  claim  to  be  descended  from  the   more  primitive   Indo-European 
period,  and  was  thus  an  exception  to  the  rule  that  a  deity  common  to 
Grecians  and  Romans  must  necessarily  have  been  derived  by  the  latter 
from   the  former  people.       The  influence,   however,  exerted  on  Rome 
by  the  superior  civilization  of  Greece  led  the  Latin  writers  to  identify 
Jupiter  with  Zeus.     The  Jupiter  of  worship  was  a  Roman — -the  Jupiter 
of  literature  was  half  a  Greek,  and  most  of  the  legends  attributed  to  him 
belong  to  the  Hellenic  race.     From  the  Latin   this  deity  emerged   as  a 
Roman-Gi-eek,  and  this  character  may  be  regarded  as  a  development  of 
the  original  Aryan   conception   of  God.      The   Grteco-Italian  god  was 
supposed  to  govern  the  phenomena  and  cyclic  changes  of  the  heavens,  to 
control  the  light  and  darkness,  the   thunder   and   the   rain,  and,   it  was 
believed,  could  be  drawn  down  upon  Earth  in   the  form  of  lightning. 
These  legends  and  superstitions  are  now  stories  of  the  past ;  but  if  we 
are  sometimes  inclined  to  regret  that   Science,  with  her    "clear,   cold 
light,"  has  dispelled  much  of  the  tradition  and  fable  of  ancient  times,  we 
may  console  ourselves  with  the  knowledge  that  she  is  teaching  us,  in  the 
continuity  and  symmetry  of  law,  a  truth  more  beautiful  than  any  myth, 
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and  revealing  to  us  in  the  power  which  moulds  the  uuiverse,  a  deity 
grander  and  more  sublime  than  the  giant  Thunderer  of  old.  Let  us 
hope  that  what  has  been  true  in  the  past  may  also  jirove  true  of  the 
future,  and  that  the  words  of  the  great  poet  may  be  prophetic  : — 

*'  Yet  I  doubt  not  thro'  the  ages  one  increasing  purpose  runs, 

And  the  thoughts  of  men  are  widened  with  the  process  of  the  suns." 

The  following  is  a  synopsis  of  some  remarks  by  Mi\  Thomas  Lindsay 
on  Jupiter's  density  : — 

If  we  assume  that  the  nebular  hypothesis  does  truly  outline  the  his- 
tory of  the  solar  system,  then  we  may  readily  calculate  the  density  of 
this  nebula  at  any  given  period  of  its  existence.  Supposing  it  to  extend 
to  the  orbit  of  Jupiter,  we  find  that  its  diameter  was  1,118  times  greater 
than  that  of  the  Sun  now  ;  its  volume  compared  with  the  volume  of  the 
Sun  was  as  the  cube  of  this  number  to  unity  ;  and  as  the  same  mass  was 
in  the  nebula  as  is  now  in  the  Sun,  neglecting  the  planets  since  formed, 
we  have  the  density  of  the  nebula,  in  round  numbers  14,000  million 
times  rarer  than  the  density  of  the  Sun  at  present.  Then  a  great  ring 
is  thrown  off  from  the  equatorial  regions  of  the  nebula,  a  great  ring 
which  ultimately  becomes  the  planet  Jupiter.  The  ring  must  have  been 
less  dense  than  the  nucleus  of  the  nebula,  but  having  no  means  of  arriv- 
ing at  the  difference,  we  assume  tlie  same  density  throughout.  Now, 
suppose  we  are  standing  somewhei'e  in  space  viewing  this  phenomenon, 
we  say,  "  There  is  a  mass  destined  to  become  a  planet ;  there  is  the 
parent  nebula,  contracting,  condensing,  and  destined  to  throw  off  more- 
rings.  This  new  planet  we  see  now  will  be  cooled  down  and  condensed 
into  a  solid  mass  long  before  the  great  nebula  has  finished  its  work." 
Now,  if  any  one,  say  on  some  distant  star,  looking  on  the  scene  reasoned 
thus,  he  was  altogether  wrong ;  for  notwithstanding  the  enormous  differ- 
ence in  size,  the  nebula  which  is  now  the  Sun  is  of  about  the  same  den- 
sity as  Jupiter.  "We  say  that  the  Earth  is  much  younger  than  Jupiter 
in  years,  but  older  in  planet  life  ;  that  it  is  about  300  times  less  in 
mass  and  has  cooled  down  in  less  time.  But  the  mass  of  the  nebula  was 
1,000  times  greater  than  that  of  Jupiter,  and  both  have  kept  even  pace^ 
This  seems  to  require  some  little  explanation,  and  I  offer  the  following  i 
We  are  not  to  suppose  that  the  constitution  of  a  nebula  is  the  same 
throughout,  and  when  Jupiter  was  thrown  off,  the  atmosphere  of  the 
great  parent  mass  may  have  had  a  coustitution  entirely  different- 
from  that  of   the   centre.     The   elements   of  the   atmosphei-e   may  have= 
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Tjeen  such  that  after  all  these  ages  of  cooling,  their  mean  density  is  only 
about  one  and  a  half  times  that  of  water.  1  understand  that  the  light 
from  Jupiter  is  wholl}'  reflected  light,  and  that  it  is  extremely  impi'ob- 
able  that  the  planet  is  glowing  like  a  Sun  ;  and  surely,  considering  the 
enormous  time  that  has  elapsed  since  his  birth,  we  would  suj)pose  him 
to  be  pretty  well  cooled  down,  and  condensed  as  much  as  he  ever  can  be. 
I  conclude,  therefore,  by  venturing  the  theor\-  that  Jupiter  is  not  a  hot 
world,  but  a  very  cold  one  to  live  in. 

In  reading  some  notes  upon  Jupiter's  atmosphere,  Mr.  R.  B.  Ellis  said 
it  was  admitted  by  good  authorities  that  Jupiter  has  an  atmosphere 
similar  in  constitution  to  that  of  the  Earth,  and  that  spectroscopic 
examinations  showed  the  presence  in  it  of  a  large  quantity  of  aqueous 
vapour.  In  support  of  this  Mr.  Ellis  quoted  from  the  chapter  on  Jupiter 
in  Proctor's  Old  and  New  Astronomy,  and  referred  to  the  astounding 
results  reached  on  the  assumptions  that  the  air  of  Jupiter  is  similar  to 
that  of  the  Earth  ;  that  the  pressure  at  the  upper  [)art  of  the  Jovian 
cloud-layers  is  not  less  than  the  pressure  above  the  highest  of  terrestrial 
cumulus-clouds,  and  that  the  depth  of  these  cloud-layers  is  one  hundred 
miles.  The  opinion  was  expressed  tliat  the  error  lay  in  the  last  assump- 
tion, and  that  it  was  not  jiossible  to  estimate,  with  any  degree  of 
accuracy,  the  depth  of  the  clouds  at  so  great  a  distance. 

In  the  course  of  some  discussion  on  the  atmosphere  of  the  planets 
generally,  Mr.  A.  F.  ]\Iiller  stated  that  there  was  no  direct  spectroscopic 
evidence  of  the  existence  of  oxygen  in  the  atmosphere  of  Jupiter. 

Mr.  A.  Elvins  followed  with  some  diagrams  illustrating  the  distances 
of  the  satellites  and  the  phenomena  presented  by  them  as  they  revolved 
about  the  planet. 

Mr.  Arthur  Harvey,  continuing  the  subject  of  Jupiter's  satellites, 
said  : — 

Kepler  declared,  long  since,  that  Mars  ought  to  have  two  satellites, 
and  they  were  found  by  Professor  Asaph  Hall,  in  August,  1S77.  Deimos 
was  seen  on  the  11th  ;  and  on  the  17th,  by  concealing  the  disc  of  the 
planet  with  a  thin  metallic  plate,  Phobus  was  seen.  This  -set  asti'ono- 
mers  a-looking  for  the  two  missing  moons  of  Ju])iter,  for  Gaussius  had 
formulated  a  law  under  which  they  ought  to  exist.  The  following  are 
the  real  and  calculated  distances  of  these  bodies  :  — 

1 2 3 4 5 6_ 

Real 2-oU         (31)5         9132         15  •;{,')         27-00 

Calculated 2-19         3-60        5*92        9-72         15-95        26-23 
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Professor  Barnard  saw  the  interior  satellite  with  the  Lick  telescope  on 
September  15th,  1892.  The  period  being  11^  57'"  22-56s,  and  the  rota- 
tion of  the  planet  9^  55™  37^,  Laplace's  theorem  is  verified.  We  may 
hope  that  the  Yerkes  telescope  will  enable  the  next  yet  undiscovered 
satellite  to  be  seen,  when  Jupiter  comes  into  a  favourable  position.  The 
Arago  medal  was  awarded  by  the  Academy  of  Sciences,  ParLs,  to  both 
the  above  astronomers. 

Dr.  "Watson  described  his  telescopic  work  upon  Jupiter  at  the  oppo- 
sitions of  1892  and  1893.  He  remarked  that  he  could  not  now  see  the 
red-spot  upon  the  disc. 

Mr.  G.  E.  Lumsden  stated  that  in  his  10-inch  reflector,  the  inden- 
tation caused  by  the  red-spot  in  the  belt  was  plainly  visible,  and  drew 
on  the  black-board  a  sketch  of  the  position  of  the  spot. 

Mrs.  Savigny  read  a  short  paper  in  a  fanciful  vein,  sketching  the 
conditions  under  which  the  iidiabitants  of  Jupiter,  if  there  were  any, 
would  exist. 

It  was  announced  that  at  the  next  meeting  Mr.  Joseph  Allen  would, 
by  request,  read  a  paper  on  "  Force  and  Energy." 


SECOND   MEETING. 

February  Gth  ;  Mr.  Arthur  Harvey  pi^esiding.  An  interesting  let- 
ter was  read  from  Dr.  Sandford  Fleming,  C.M.G.,  who  had  recently 
returned  to  Ottawa.  Referring  to  the  proposed  change  in  Astronomical 
Time  Reckoning,  Dr.  Fleming  said  that,  during  his  sea-travelling,  he 
had  conferred  with  many  captains  and  other  sea-officers  who,  without 
exception,  expressed  themselves  in  favour  of  the  change.  He  was  glad 
to  learn  that  there  had  been  so  many  affirmative  answers  received  from 
the  scientific  men  to  whom  circulars  had  been  sent,  asking  their 
opinions. 

Mr.  A.  Elvins  reported  some  observations  of  the  Sun  and  Venus. 
The  planet  had  been  well  seen,  showing  a  thin  crescent  gapped  along 
the  terminator.  It  was  mentioned  by  a  member  that  an  observer  in 
Barbadoes  had  recently  seen  the  dark  body  of  the  planet,  an  unusual 
observation,  and  corresponding  to  the  familiar  "  new  Moon  in  the  arms 
of  the  old."  s 
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In  a  letter  read  by  a  member,  some  doubt  had  been  cast  upon  the 
beauty  of  the  well-known  constellation  of  the  South,  the  Southern  Cross. 
Mr.  J.  Yan  Soinmer  wished  to  vindicate  the  claims  of  this  conspicuous 
group,  and  was  surprised  that  any  one  should  fail  to  remark  its  glorious 
appearance.  He  said,  however,  that  seeing  the  constellation  low  down 
in  the  horizon  detracts  from  its  beauty. 

The  paper  for  the  evening  was  read  by  Mr.  Joseph  Allen  on 

FORCE    AND    ENERGY. 

It  was  a  terse  statement  of  the  views  of  Mr.  Grant  Alleu,  his  son,  as 
defined  in  his  well-known  work,  "  Force  and  Enei-gy  ;  a  Theory  of 
Dynamics."  While  Mr.  Allen  stoutly  defended  his  distinguished  son,  he 
did  so  in  a  very  impartial  manner.  He  mentioned  the  eminent  physic- 
ists who  had  diametrically  opposed  his  theories  and  done  all  they  could 
do  to  crush  them  out,  and  stated  their  reasons  for  so  doing,  but  added 
that  there  was  evidence  that  some  of  them  were  now  disposed  to  be  less 
severe  in  their  criticisms.  Mr.  Allen  endeavoured  to  show  that  force 
and  energy,  always  in  ceaseless  antagonism,  divide  between  them  the 
empire  of  the  universe,  and  so  keep  things  in  wholesome  activity  ;  that 
force  is  aggregative  power,  but  energy  is  separative  power,  thus  differen- 
tiating force  from  enei'gy.  He  sought  to  show  that  in  no  instance  was 
a  union  between  bodies  effected  under  the  dominion  of  foi-ce  with- 
out liberating  a  vast  amount  of  counteracting  energy,  and  he  brought  a 
great  array  of  facts  from  every  department  of  physics  to  prove  the  truth 
of  this  theory — from  mechanics,  from  chemistry,  from  magnetism  and 
electricity.  He  averred  that  throughout  the  whole  domain  of  the 
sciences  there  was  not  one  instance  to  the  contrary  ;  that  it  was  only 
in  a  state  of  separateness — as  when  a  body  is  lifted  from  the  Earth, 
or  oxygen  and  hydrogen,  relieved  from  their  combination  in  water, 
when,  by  being  combined,  they  had  lost  their  specific  energies — that 
bodies  manifested  their  great  special  powers  ;  that  carbon  and  oxygen, 
in  the  act  of  uniting  in  our  fires,  gave  up  for  our  benefit  the  enormous 
specific  energies  that  belonged  to  them  in  their  separate  state  as  ele- 
ments, but,  by  combining,  dropped  (as  in  the  case  of  water  before  refer- 
red to)  to  the  far  lower  plane  of  carbonic  acid,  whicli  could  only  get  back 
its  native  energy  by  being  split  up  by  means  of  Sun  energy  into  its 
original  elements.  In  dividing  all  bodies  into  foi-ces  and  energies,  Mr. 
Allen  contended  that  the  forces  were  gravitation,  cohesion  and  chemical 
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and  electrical  affinity ;  but  that  heat,  light  and  electricity  are  energies. 
He  showed,  too,  that  electricity,  in  a  natural  state,  i.e.,  in  a  state  of 
combination  of  the  two  electricities,  is  in  a  condition  of  neutrality  or 
dormancy,  but  that  when  separated  into  their  elementary  state  of  posi- 
tive and  negative  electricities,  and  then  onlv,  they  ai-e  in  a  position  to 
yield  up  their  energy  of  se[)aration  to  do  the  work  of  our  liorses  And 
steamers. 

A  cordial  vote  of  thanks,  moved  by  Mr.  J.  M.  Clark,  M.A.,  and 
seconded  by  Mr.  Elvins,  was  tendered  Mr.  Alleii  at  the  conclusion  of 
his  address. 

A  short  discussion  followed,  but  it  being  felt  that  justice  to  the 
j)a])er  could  not  be  done  in  the  short  time  remaining,  it  was  decided  to 
set  apart  the  next  meeting  for  the  purpose  of  hearing  short  papers  upon 
such  portions  of  the  subject  of  Energy  generally,  and  upon  Mr.  Alien's 
theory  especially,  as  the  members  might  select. 


THIRD  MEETING. 

February  20th  ;  Mr.  John  A.  Paterson,  M.A.,  in  the  chair.  A  let- 
ter was  read  from  Mr.  G.  G.  Albery,  of  Meaford,  conveying  the  infor- 
mation that  an  Asti'ouomical  Society  had  been  organized  in  that  town. 
Mr.  A.  Harvey,  seconded  by  Mr.  A,  Elvins,  moved  that  the  Council 
take  into  consideration  the  question  of  affiliating  with  this  Society 
any  similar  associations  which  might  be  formed  throughout  Canada. 
Carried.  Mr.  Harvey  reported  having  observed  Venus  on  the  evening 
of  February  12th,  the  planet  being  then  three  days  from  inferior  con- 
junction. Mr.  T.  Lindsay  and  Mr.  D.  G.  Ross  referred  to  an  observation 
of  the  Constantine  Cross,  which  they  had  made  on  the  evening  of  Feb- 
ruary 19th;  tlie  Gi'oss  was  drawn  apparently  through  the  Moon,  And 
was  fairly  well  defined.  Some  drawings  of  sun-spots  made  at  a  small 
telescope  by  Mr.  G.  Wellings  were  presented.  Some  discussion  arising 
on  the  general  subject  of  sun-spots,  Mr.  C.  A.  Chant,  B.A.,  stated  that 
the  connection  between  these  and  magnetic  disturbances  was  still  in  the 
I'ealm  of  doubtful  coincidences. 

The  Chairman  announced  that  short  papers  on  Mr.  Grant  Allen's 
theory  of   Force  and  Energy  would  be   read.     Mr.   T.    Lindsay  read  a 
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short  review  of  the  subject.  He  hekl  that  Mr.  Allen's  views  of  Force 
and  Energv  nii^rht  be  of  service  in  •nvin'i^  general  instruction,  but  no 
advance  was  made  towards  reaching  the  basis  of  dynamics.  Mr.  G.  F. 
Hull,  E.A.,  and  Mr.  0.  A.  Chant,  B.A.,  followed  ;  botli  found  difficulty 
in  accepting  theories  which  were  at  variance  with  tho.se  upon  which  a 
great  science  had  been  built  up. 

Mr.  A.  Elvins  considered  that  both  Force  and  Energy  were  forms  of 
motion,  and  that  it  was  quite  unnecessary  to  speak  of  them  sepai'ately. 
Mr.  D.  G.  Ross  referred  in  very  strong  terms  to  the  high  standing  in  the 
literary  and  scientific  world  which  was  accorded  by  all  to  JMr.  Grant  Allen, 
and  considered  that  it  was  no  argument  against  his  theories  that  they 
were  not  endorsed  by  certain  great  physicists,  whose  names  had  been 
mentioned. 

Mr.  J.  A.  Collins  read  the  following  remarks  on  "Force  and 
Energy  "  :— 

If  it  be  not  considered  presumptive  on  my  part  to  attempt  a  criticism 
of  the  dynamical  theories  of  so  distinguished  and  brilliant  an  author 
as  Grant  Allen,  I  will  endeavour  to  analyze  one  or  two  features  of  the 
argument  put  forward  in  support  of  his  hypothesis  of  dynamical  dualism. 

Mr.  Allen's  position  seems  to  be  this  :  that  there  are  in  the  material 
universe  but  two  forces  or  powers,  each  the  opposite  of  the  other,  striving 
for  the  mastery ;  one  aggregative,  continually  drawing  together  atoms, 
molecules  and  masses  everywhere  throughout  the  universe — the  other 
seggregative,  tearing  asunder  and  dis[)ersing  in  every  direction  with 
•  equal  activity  the  handiwork  of  its  rival.  Thus,  the  phenomena  we  see 
ai'ound  us  every  day  are  but  incidents  in  the  great  conflict  waged  by 
these  twin  Titans,  which  will  not  cease  until  the  weaker  has  yielded 
and  the  sti'onger  asserted  univei-sal  sway.  The  combatants  in  this  dual 
sti'uggle  bear  the  cognomens  I'espectively  of  "  Force  "  and  "  Energy," — 
Force  representing  aggregative  power  and  Enei'gy  seggregative  power, 
an  interpretation  differing  considerably,  it  will  be  seen,  from  the  sense 
in  which  those  terms  are  generally  understood  by  physicists  of  the 
present  day.  Mi-.  Allen  cites  the  directive  difiference  between  centri- 
fugal and  centripetal  force  in  the  rise  and  fall  of  a  mass  of  iron  (or  other 
body)  [irojected  for  a  short  distance  from  the  Earth's  surface,  and  the 
orbital  revolutions  of  the  planets,  as  evidence  of  dual  powers — that  the 
motion  of  a  body  when  directed  towards  the  Earth  and  the  motion  of  the 
same  body  when  directed  away  from  the  Earth  are  in  every  case  caused 
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by  diameti-ically  separate  and  alien  motive  powers.  If  we  confine  our 
examinations  of  the  facts  in  this  connection  to  these  two  points,  I  think 
we  shall  find  that  the  evidence  will  not  warrant  such  a  conclusion. 

Mr.  Allen  points  to  the  fact  that  a  mass  of  iron  weighing  say 
one  ton,  when  at  rest,  presses  on  the  surface  of  the  Earth  with  that 
weight  only  ;  but  when  let  fall  a  short  distance,  strikes  with  a  force 
many  times  its  own  weight ;  and  he  asks,  how  does  the  mass  get  this 
extra  power  unless  something  has  been  added,  or  taken  away  from  it,  in 
its  downward  flight  1  His  explanation  of  this  sudden  acquisition  of 
power  seems  to  be  that  in  this,  as  in  every  analogous  case,  energy  has 
fled  and  force  has  triumphed.  But  if  we  examine  the  facts  closely,  we 
shall  find  there  is  nothing  either  added  or  taken  away  in  the  shape  of 
power  whatever. 

In  the  first  place,  the  weight  of  the  body  named  is  merely  the 
measure  of  resistance  sufiicient  to  keep  it  at  rest  while  under  the  full 
influence  of  gravity's  impulsions,  which  are  continually  pulling  or  exert- 
ing power  upon  it.  This  power  when  it  reaches  the  body  gives  it  trans- 
latory  motion,  the  direction  and  intensity  of  which,  in  accoi-dance  with 
the  well-known  laws  of  motion,  are  directly  as  the  mass  and  in  a  sti'aight 
line  for  the  centre  of  attraction,  with  an  acceleration  of  speed  or  motion 
varying  inversely  as  the  square  of  the  distance  from  the  attracting  centre 
— consequently,  a  body  falling  freely  from  a  ])Osition  of  rest,  is,  as  it 
were,  in  a  state  of  suspended  animation  ;  meeting  with  no  resistance,  the 
motion  continually  being  put  into  it  by  gravity  accumulates  more  and 
more,  until,  reaching  the  suiface  of  the  Earth  in  its  onward  rush,  it 
delivers  at  a  blow  in  one  unit  of  time  the  concentrated  energy  of  hun- 
dreds or  thousands  of  units  of  time. 

While  the  body  is  at  rest  on  the  surface  of  the  Earth,  gravity  is  still 
continually  putting  power  into  it,  but  this  power,  as  fast  as  it  is  being 
received,  is  being  continually  transferred  from  the  body  to  the  Earth's 
crust  and  passed  along  towards  its  centre  in  the  form  of  heat,  and  the 
weight  or  energy  of  the  body  manifested  under  these  conditions  becomes 
constant,  being  apparently  the  measure  of  the  fraction  of  unit  of  time 
elapsing  between  the  receipt  and  discharge  or  transference  of  this  power 
or  gravitational  energy.  But  as  soon  as  contact  with  the  Earth  ceases 
and  there  is  no  longer  a  medium  capable  of  resisting  and  transferring 
the  gravitational  impulsions,  all  escape  of  power  being  shut  off",  the 
power  accumulates  in  the  form  of  motion  in  exact  proportion  to  the  time 
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units  of  isolation.  Thus,  the  units  of  time,  space,  resistance  (or  weight), 
and  power,  are  equal ;  there  is  nothing  gained  and  nothing  lost  but 
position  in  the  whole  transaction. 

In  the  second  place,  if  it  can  be  shown  that  the  mass  of  iron  can  be 
elevated  again  to  its  starting  place  by  the  force  of  gravity  alone,  I  think 
it  will  be  clear  that  aggregative  and  seggregative  motion  are,  in  thi.s 
case  at  least,  the  result  of  one  and  the  same  power,  the  difference 
being  merely  one  of  position,  when  units  of  time,  space,  resistance  and 
power  are  considered.  Suppose,  for  instance,  a  plank  or  beam  of  suffi- 
cient strength  to  be  balanced  across  a  fulcrum.  On  one  end  of  this 
plank  rests  the  mass  of  iron  that  has  just  fallen.  Suppose  another 
equal  mass  of  iron  to  fall  freely,  as  in  the  first  case,  impinging  on  the 
free  end  of  the  plank  ;  the  mass  at  rest  on  the  other  end  will  be  hurled 
by  the  intercepted  gravitational  force  high  into  the  air,  and,  as  we  all 
know,  if  it  were  not  for  the  loss  by  friction,  it  would  rise  to  the  height 
from  which  the  other  came.  The  falling  mass  would  carry  the  free  end 
of  the  plank  with  it  in  its  downward  rush,  and  if  the  force  of  impact 
were  not  greater  than  the  molecular  cohesion  of  the  plank  particles,  the 
particles  would  refuse  to  part  company,  conveying  the  downward  motion 
of  one  end  along  and  into  upward  motion  of  the  other,  until  its  motion 
would  be  checked.  The  mass  upon  it,  however,  being  impelled  with  the 
same  velocity  and  having  nothing  to  check  it,  rushes  onward  and  upward, 
until  the  motion  put  into  it  is  spent  in  overcoming  the  gravitational 
impulsions  exerted  upon  it,  in  equal  units  of  time  to  that  occupied  by 
the  other  body  in  falling,  aggregative  motion  being  turned  into  seggre- 
gative or  dispersive  motion,  the  difference  without  friction  being  one  of 
position  only,  with  but  a  single  motive  power  in  opex'ation. 

The  Chairman  then  called  upon  Mr.  Joseph  Allen  to  close  the  dis- 
cussion. Mr.  Allen  defended  the  theories  advanced  by  his  son  in  spirited 
language,  and  offered  explanations  on  many  points  upon  which  there  was- 
disagreement. 
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FOURTH   MEETING. 

March  5th ;  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the 
chair. 

Miss  Annie  Gentle  was  elected  an  active  membei*  of  the  Society. 

The  Society  approved  of  the  report  of  a  committee  which  recom- 
mended that  the  Sir  Adam  Wilson  telescope  be  set  up  at  No.  23  Walmer 
Road,  the  residence  of  Mr.  J.  A.  Paterson.  This  site  was  chosen  on 
the  grounds  of  easy  access,  excellent  horizon,  and  the  desirability  of 
having  a  good  telescope  in  the  western  part  of  the  city,  the  other  parts 
being  fairly  well  supplied  with  private  instruments. 

It  was  announced  that  this  telescope  would  be  available  for  use  on 
the  Tuesday  evenings  alternating  with  the  regular'  meetings  of  the 
Society,  and  that  a  member  of  the  Society  would  be  appointed  to  assist 
in  using  it. 

Mr.  Harvey  read  a  memorandum,  in  which  he  stated  that  the  large 
sun-spot  of  the  16-28th  of  February  was  visible  to  the  naked  eye  ;  that 
during  1893  there  was  no  month  without  a  spot  similarly  visible;  that 
during  the  first  half  of  the  year  there  were  225  sun-spots,  and  during 
the  second  half  209  spots  ;  that  those  in  the  latter  half  covered  a  greater 
area  than  those  of  the  first  half;  that  he  was  inclined  to  the  opinion 
that  spots  are  purple  in  colour,  and  may  best  be  photographed  by 
indirect  rather  than  direct  methods — for  instance,  that  better  results 
would  follow  photographing  fine  sharp  images  obtained  by  projection. 

Dr.  J.  C.  Donaldson  said  he,  too,  had  noticed  colour  in  sun-spots, 
but  had  attributed  it  to  the  use  of  low  powers  on  his  telescope,  as  the 
colour  seemed  to  disap):)ear  when  high  powers  were  substituted.  He 
referred  at  some  length  to  a  series  of  difficult  double-star  observations  he 
has  been  making  with  a  view  to  preparing,  for  the  use  of  Canadian 
amateurs,  a  list  of  test-objects  for  good  telescopes  of  aperture  of  three 
and  one-half  inches  and  less.  He  dwelt  upon  the  necessity  of  buying 
the  very  best  instrument  that  one  could  afford,  rather  than  the  largest 
in  size,  and  said  he  would  prefer  a  first-class  one  inch  and  a  half  tele- 
scope to  a  three-inch  instrument  by  an  inferior  maker.  Several  severe 
tests  he  had  made  successfully  had  convinced  him  that  the  Canadian  air 
is  as  clear  as  any  and  as  well  adapted  for  telescopic  work. 
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Several  short  papers  were  read  by  members  on 

THE  AURORA  OF  FEBRUARY  23rD. 

Mr.  J.  R.  Collins,  after  describing  minutely  the  beautiful  appearance 
of  the  aurora,  said  :  The  phenomenon  seemed  to  be  what  migiit  be 
expected  either  from  the  passage  of  a  cosmical  cloud  through  the  Earth's 
atmosphere  or  from  discharges  of  electrically  charged  clouds  of  water 
vapour.  The  Boreal  Crown  would  indicate  the  vanishing  point  of  the 
former,  wdiile  the  rainbow  colour-bands,  with  their  close  proximity  to 
the  Earth's  surface,  would  point  to  the  latter.  Perhaps,  the  most 
remarkable  feature  of  the  observation  was  that  swishing,  rustling  sounds 
were  heard  during  the  early  part  of  the  display  (botli  by  myself  and 
my  brother,  Z.  M.  Collins),  as  if  sleet  were  being  driven  by  the  wind 
over  crusted  snow,  as  patches  of  light  cloud  were  whirled  apparently 
near  the  ground  in  our  immediate  vicinity,  accompanied  by  displays  of 
light.  As  the  air  was  remarkably  dry  and  still  at  the  time,  it  seemed 
evident  to  us  that  the  sounds  we  heard  were  produced  by  an  electric 
discharge  of  some  kind  between  the  light  clouds  that  came  near  us  and 
the  lower  stratum  of  the  atmosphere  through  which  they  passed. 

Mr.  S.  Hollingworth  had  not  heard  the  swishing  sound  during  the 
display,  but  had  beeu  impressed  with  the  apparent  proximity  of  the 
streamers.  He  said  that  as  he  approached  a  row  of  Lombardy  poplars, 
the  rays  had  the  appearance  of  passing  through  these  trees  in  an  upward 
oblique  direction,  and  to  him  it  appeared  as  if  the  streamers  were  not 
more  than  twenty  feet  away.  Particular  attention  was  paid  to  this,  the 
object  being  to  report  the  circumstance.  It  appeared  almost  like  a 
stratum  of  fog,  only  it  did  not  obscure  the  trees  in  any  way,  and  the 
trees  appeared  to  be  enveloped  in  it,  with  the  exception  of  about  twenty 
feet  next  the  ground. 

Mr.  John  A.  Copland  reported  that  on  the  evenings  of  Thursday  and 
Friday,  February  22nd  and  23rd  last,  he  made  observations  of  aui-orte. 
That  of  Tuesday  evening  was  of  the  longest  duration,  but  that  of  Friday 
night  attained  the  greatest  brilliance.  At  about  8  o'clock  on  Tuesday 
eveiiing  the  entire  sky  for  about  45  degrees  above  the  northern  horizon^ 
and  well  round  toward  the  east,  was  covered  with  a  dirty-coloured  haze, 
such  as  is  often  seen  presaging  a  storm.  As  the  hours  passed  and  the 
cold  intensified,  this  brownish  haze  dissipated,  and  faint  streamers  began 
to  flicker  upward,  until  about  9.30  the  sky  was  apparently  clear.      Before 
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10.10,  when  the  observer  next  noticed,  the  aurora  had  returned  with 
renewed  \igour.  A  peculiar  feature  which  he  remarked  about  11  o'clock 
was  a  pyramidal  radiance  emanating  between  due  North  and  about  60 
degrees  East,  which  tapered  toward  the  zenith  and  culminated  in  a  fleecy 
spiral  form  high  in  the  starry  dome.  This  panorama  gave  place  to  a 
still  more  beautiful  one  of  alternating  pink  and  white  streamers. 

Maximum  brilliance  may  be  said  to  ha\-e  been  reached  about  11.40 
p.m.  Afterward  the  reddish  streamers  and  markings  disappeared, 
reappearing  with  less  notability  between  12.20  and  1.05  a.m.  Thence- 
forward the  display  became  a  steady  yellowish  glow,  with  sporadic  out- 
breaks of  white  streamers,  until  3  a.m.,  when  it  settled  into  a  regular 
auroral  arch,  whose  apex  was  about  25  degrees  from  the  horizon  and 
neax'ly  ten  degrees  East  of  North.  Underneath  the  arch,  which  had  a 
thickness  of  approximately  8  degrees^  the  sky  was  perfectly  clear  and  of 
a  deep  blue.  This  arch  continued,  sometimes  considerably  agitated  by 
a  rolling  motion  toward  the  East,  until  4.35  a.m.,  when  observation  was 
discontinued. 

Friday  night's  display  was  somewhat  similar  to  that  of  the  previous 
evening  up  till  about  10.30  p.m.  From  that  hour  until  nearly  12  o'clock 
the  display  was  gorgeously  active,  more  so  than  on  the  foregoing  evening, 
a  striking  phenomenon  being  the  number  of  red  spots  and  streaks 
resembling  incandescent  hydrogen.  Yv^henever  a  red  variation  appeared, 
it  became  quickly  surrounded  with  white,  which  eventually  took  the 
place  of  the  red.  Green  and  yellow  were  also  noticeable,  the  former 
colour  always  near  to  the  base  of  the  display.  As  on  the  former  evening, 
the  greatest  activity  and  mass  of  the  aurora  was  toward  the  North-east, 
which  the  observer  states  to  have  noticed  is  well-nigh  invariably  the 
case  in  important  auroral  displays,  possibly  caused  by  the  rotation  of 
the  Earth.  By  about  12.45  a.m.  the  aurora  had  faded  much,  and  before 
4.30  a.m.  it  had  disappeared,  with  the  exception  of  a  few  faint  white 
streaks  which  intermittently  flickered  in  the  North- eastei'n  heavens. 

On  Saturday  and  Sunday  evenings  also  there  was  a  dim  auroral 
display  from  10  p.m.  until  11.30,  and  on  Monday  night  a  green  glow 
sufi'used  the  North-eastern  heavens  from  11  p.ai.  until  2.30  the  following 
morning.  Much  light  was  emitted  by  the  Moon,  which  interfered  with 
the  brilliance  of  the  displays  a  good  deal.  A  fact  mentioned  by  the 
observer  is  that  on  Friday  night  whenever  one  of  those  sharp  inter- 
changings  of  red  and  white  occurred  there  appeared  to  linger  in  the 
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vicinity  a  haze  somewhat  resembling  the  gaseous  material  which  forms 
the  diaphanous  streak  in  the  wake  of  a  swift  meteox*.  If  the  Earth  were 
being  bombarded  with  a  deluge  of  noxious  gases,  says  he,  how  comfort- 
able we  may  feel  when  we  see  our  atmosphere  so  completely  dissipating 
them  before  they  can  inflict  death  upon  us. 


FIFTH  MEETIXG. 

March  19th  ;  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the 
■chair. 

A  communication  was  received  from  the  Librarian  of  the  Wisconsin 
Academy  of  Sciences,  Arts  and  Letters,  who  made  a  formal  application 
for  a  copy  of  the  recently  published  "Transactions,"'  and  asked  the 
Society  to  exchange  with  the  Academy,  which  issues  a  voluminous  and 
very  valuable  annual  report. 

Mr.  J.  A.  Copland  presented  some  notes  taken  from  the  report  of 
the  Ontario  Minister  of  Education,  which  were  very  encouraging  and 
suggestive  of  the  future.  The  number  of  books  taken  from  the  various 
Free  Libraries  and  Mechanics'  Institutes  throughout  the  Province  for 
the  pi'eceding  year  was  given  as  follows  : — In  Science  and  Art,  73,170  ; 
Biography,  37,159  ;  History,  58,194  ;  Religion,  31,194  ;  Poetiy  and  the 
Drama,  15,228,  Mr,  Copland  thought  there  was  undoubted  evidence 
that  the  study  of  Science  was  becoming  more  and  more  popular  in 
Canada. 

The  Chairman  read  a  series  of  extracts  from  an  article  by  Sir  Robert 
Ball,  recently  printed  in  The  Fortnightly  Review,  entitled  "  Significance 
of  Carbon  in  the  Universe,"  and  discussing  the  theory  of  Mr.  G.  John- 
stone Stoney,  first  enunciated  some  thirty  years  ago,  and  which  is  being 
revived  as  one  which  had  not  been  sufficiently  investigated.  Short 
papers  on  Magnetism  were  read  by  Mr.  G.  G.  Pursey,  Mr.  J,  A, 
Collins,  and  Mr,  Thomas  Lindsay,  Some  instructive  experiments  were 
performed  by  Mr.  Collins,  and  also  by  Mr,  A,  Aronsberg,  who  brought 
with  him  a  powerful  magneto-machine, 

Mr,  Collins  had  constructed  one  apparatus  for  the  purpose  of  deter- 
mining how  the  strength  of  a  magtiet  varied  at  short  distances,  and 
stated  that  he  had  found  the  ratio  quite  the  reverse  to  what  is  usually 
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accepted.  A  magnet  was  brought  in  contact  with  a  piece  of  iron 
attached  to  the  end  of  a  spring  bahmce  and  was  found  to  bear  a  pull  of  a 
certain  weight.  When  separated  from  the  armature  by  I'SOOthof  an 
incb  the  power  of  the  magnet  was  reduced  one-half.  As  the  distance 
was  reduced  to  1  •250th  of  an  inch,  the  power  of  the  magnet  was 
reduced  one-quarter.  Mr.  Collins  held  that  these  experiments  proved 
that  the  power  of  a  magnet  varies  directly  as.  the  distance  for  short 
distances,  and  also  stated  that  he  thought  there  were  some  grounds  for 
believing  that  when  a  magnet  is  in  apparent  contact  with  an  armature- 
it  is  still  really  separated  from  it  by  an  appreciable  distance,  a  point  to 
which  Mr.  Lindsay  had  previously  drawn  his  attention. 

It  was  decided  to  continue  short    papers  and  simple  expei'iments  in 
connection  with  this  subject  at  a  future  meeting. 


SIXTH  MEETING. 

April  3rd,  1894;  held  in  the  Physical  Department  of  University- 
College,  Queen's  Park,  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in 
the  chair.  A  large  number  of  the  members  and  their  friends  were 
present,  in  response  to  the  invitations  sent  out  by  the  Secretary. 

A  letter  was  read  from  Mr.  E.  S.  Holden,  LL.D.,  Director  of  the 
Lick  Observatoi'y,  congratulating  the  Society  upon  the  success  it  had 
attained.  Mr.  Holden  had  noted  with  great  pleasure  the  portrait  of 
Mr.  A.  Elvins,  which  accompanies  as  a  frontispiece  the  fourth  volume 
of  the  "  Transactions  "  ;  he  considered  that  the  compliment  to  Mr.  Elvins 
as  one  of  the  founders  of  the  Society  was  highly  deserved,  as  was  also 
the  recognition  of  the  valuable  services  of  Mr.  G.  E.  Lumsden  in 
materially  furthering  the  Society's  interests. 

The  Chairmjin  then  announced  that  Mr.  G.  Ferrie  Hull,  B.A.,  Fellow 
in  Physics,  University  of  Toronto,  would  deliver  the  second  of  a  series 
of  popular  lectures,  which,  through  the  kindness  of  the  President  of  the 
University,  would  be  continued  from  time  to  time  in  the  physical  lecture 
room.  The  first  of  the  series  had  been  given  during  the  preceding  session 
by  Mr.  C.  A.  Chant,  B.A.,  on  the  subject  of  the  "Polarization  of  Light." 

The  following  is  a  synopsis  of  Mr.  Hull's  lectui-e,  which  was  profusely 
illustrated  by  experiments,  most  satisfactorily  performed  with  the  able 
assistance  of  Mr.  Plaskett :— 
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COLOUR. 

Very  few,  indeed,  are  tlift  persons  in  this  audience  who  are  not 
appreciative  of  the  beautiful  effects  which  Nature  presents  in  the  crimson 
and  gold  tints  of  our  sunsets,  in  the  silver  and  grey  of  the  clouds,  or  in 
the  shifting  panorama  of  the  Aurora  Borealis.  How  often  have  we 
stood  in  silent,  reverential  admiration,  while  beholding  that  most  charm- 
ing of  all  phenomena,  the  rainbow  in  the  heavens  1  How  often,  also, 
have  our  spontaneous  exclamations  of  praise  been  called  forth  by  the 
happy  and  skilful  mingling  of  colours  by  the  hand  of  man — as  seen  in 
the  cleverly  executed  water  colour,  in  the  decorations  of  the  hall  of  a 
Legislative  Assembly,  or  in  the  coloured  fountains  of  a  World's  Fair. 
True,  life  would  be  jjossible,  and  we  should  be  able  to  arrive  at  a  very 
high  state  of  intellectual  and  sesthetic  culture  without  this  power  to 
perceive  colour  ;  but  Nature  would  lose  much  of  her  charm  and  most  of 
her  variety. 

Shakespeare  says  of  the  man  who  has  no  music  in  himself,  who  is  not 
moved  by  concord  of  sweet  sounds,  that  the  motions  of  his  spirit  are 
dull  as  night  and  his  affections  dark  as  Erebus.  Might  it  not  also  bo 
said  of  the  man  who  has  not  the  power  of  perceiving  colour,  that,  being 
compelled  to  walk  along  the  shady  avenues  of  life,  his  nature  would 
adapt  itself  to  its  environment,  and  would  in  consequence  lack  that 
variety  and  charm  that  belong  to  the  iBsthetically  cultured. 

But  it  is  not  the  aesthetic  effect  of  colour  that  I  wish  to  treat  of 
to-night,  but  rather  of  its  physical  character.  And  in  this  connection 
you  will  allow  me  to  show  some  very  simple  and  well-known  experiments. 
The  first  I  wish  to  show  is  one  which  demands  our  attention,  not  only 
on  account  of  its  intrinsic  worth,  but  also  on  account  of  its  historic 
interest. 

In  the  year  1666  the  great  Sir  Isaac  Newton  was  experimenting 
with  light.  Through  a  small  hole  in  the  shutter  of  the  window  he 
allowed  a  beam  of  light  to  pass  into  the  room,  giving  the  round  white 
image  of  the  Sun  on  the  wall.  Placing  a  triangular  piece  of  glass  in  the 
])ath  of  the  beam,  he  found  that  the  white  image  of  the  Sun  disappeared, 
and  in  a  different  position  there  appeared  a  long  band  of  colours.  This 
experiment,  with  which  every  school  boy  of  the  present  day  is  acquainted, 
became  the  basis  of  a  very  large  part  of  optics,  and  through  it  of  science. 

Experiments. — Placing  this  prism  in  the  path  of  a  narrow  beam  of 
light  from  the  electric   lamp,  we  find  the  sj)ectrum    thrown  upon  the 
3 


18  The  Astronomical  and  Phjsical  Soc'ietij  of  Toronto. 

screen ;  although  we  have  all  seen  this  [)henomenon  many  times,  for 
none  of  us,  1  may  venture  to  say,  has  it  lost  or  will  it  ever  lose  its 
power  of  fascination.  Its  beauty  is  none  the  less,  because  of  the  simple 
method  of  obtaining  it.  The  experiment  shows  that  white  light  is  com- 
posed of  all  these  colours.  That  these  colours  will,  when  united,  produce 
white  light  may  be  shown  by  placing  in  the  path  of  the  coloured  rays 
this  second  prism  similar,  but  oppositely  situated,  to  the  first.  The 
coloured  rays  are  united  into  a  narrow  white  band.  If  we  allow  the 
coloured  rays  to  fall  upon  a  concave  mirror  or  to  pass  through  a  convex 
lens  and  to  be  brought  to  a  focus,  we  find  them  united  as  before. 
Causing  the  rays  to  fall  upon  a  mirror  and  from  it  to  the  screen,  w'hen 
the  mirror  is  rocked  to  and  fro  quickly,  we  see  a  long  band  of  white 
light,  with  coloured  ends. 

These  experiments  show  that  white  light  is  not  a.  simple  quantity 
but  is  composed  of  different  parts,  which  give  to  the  eye  the  sense  of  a 
number  of  colours,  and  also  prove  the  reverse  of  this,  that  the  super- 
position of  these  colours  produce  white  ligljt. 

There  yet  remains  the  question  what  is  colour,  and  that  resolves 
itself  into  the  question  what  is  light  %  What  is  that  wonderful  agent 
which,  travelling  through  the  universe,  gives  warmth  and  life  to  both 
the  animal  and  vegetable  world  %  Most  of  our  light  comes  from  the 
Sun.  But  how  does  it  travel,  and  what  is  it  when  it  arrives  %  We 
might  at  first  suppose  that  light  consisted  of  material  particles  shot  out 
from  the  source.  This  was  the  theory  advanced  and  ingeniously  upheld 
by  Newton  himself.  He  was  able  to  explain  many  of  the  known  proper- 
ties of  light,  but  in  order  to  explain  the  law  of  refraction  it  was  neces- 
sary for  him  to  suppose  that  the  velocity  of  light  in  a  dense  medium 
such  as  water  was  greater  than  its  velocity  in  a  rare  medium  such  as 
air.  About  150  years  after  Newton's  time  this  was  shown  by  direct 
experiment  to  be  false  ;  and  so  the  emission  theory,  as  it  was  calted,  had 
to  be  abandoned. 

Another  theory  was  probably  suggested  by  analogy.  It  was  known 
that  sound  travelled  by  the  pai-ticles  of  air  giving  up  their  motion  to 
the  particles  next  them.  It  was  also  known  that  a  disturbance  on  the 
surface  of  water,  caused  for  example  by  the  dropping  of  a  stone  into  it, 
was  communicated  to  distant  parts  by  the  up  and  dow^n  motion  of  the 
particles  of  the  water.  Hence,  it  was  supposed  that  light  might  be  due 
to  wave  motion  or  periodic  disturbance  in  some  invisible  substance. 
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One  experiment  was  wanting  to  confirm  the  hypothesis.  If  light  is 
due  to  the  vibrations  of  particles  of  a  substance,  then  it  should  be  jios- 
sible  to  arrange  an  experiment  in  which  the  vibration  of  a  certain  par- 
ticle, due  to  one  soui'ce,  would  be  equal  and  opposite  to  the  vibration  of 
the  same  particle  due  to  another  source ;  in  that  case  the  particle  would 
have  no  motion,  or  there  would  be  darkness  at  that  point.  This  prin- 
ciple of  interference  is  hard  to  show  in  the  case  of  light,  but  it  is  of 
common  occurrence  in  sound  and  in  water  waves.  It  is  illustrated  in 
the  experiment  with  Crova.'s  disk,  vv-hich  shows  the  mode  of  propagation, 
of  both  transverse  and  longitudinal  waves,  and  the  interference  of  two 
sets  of  waves.      (Experiments  shown.) 

Young  and  Fresnel  both  succeeded  in  showing  experimentally  these 
points  of  rest  in  the  space  acted  on  by  two  similar  sources  of  light,  and 
were  thus  able  to  measure  the  wave  length.  Many  experiments  have 
since  been  devised  confirming  their  work,  and  consequently  the  wave 
theory  is  to-day  accejited  by  nearly  all  physicists.  The  wave  lengths  of 
the  chief  colours  of  the  spectrum  are  approximately  as  follows  : — 

Colour.  No.  to  the,  inch.  Oscillations  jjer  seeond. 

Red    39,000 477,000,000,000,000 

Orange 42,000. 506,000,000,000,000 

Yellow 44,000 535,000,000,000,000 

Green     47,000 577,000,000,000,000 

Blue 51,000 622,000,000,000,000 

Indigo    54,000 658,000,000,000,000 

Violet    57,000 699,000,000,000,000 

When  the  vibrations  are  fewer  than  470  million  millions  per  second, 
Ave  see  nothing,  but  expei'ience  the  sensation  of  heat ;  when  they  reach 
477  million  millions  per  second,  the  effect  produced  on  the  eye  is  red 
light;  when  622  million  millions  is  reached,  blue  is  the  result,  and  when 
more  than  470  million  millions  is  reached,  no  effect  is  produced  on  the 
eye,  but  the  rays  then  produce  chemical  effects. 

Colour,  then,  as  far  as  its  physical  nature  is  concerned,  is  a  light  of 
definite  wave  length.  And  as  the  wave  lengths  of  the  colours  in  the 
spectrum  vary  continuously  from  the  tts^uu  to  -jwijo  of  an  inch,  we  see 
that  the  number  of  colours  in  white  light  is  not  seven,  but  infinite. 

But  suppose  we  are  asked  to  account  for  the  colour  of  non-luminous 
bodies.  We  wish  to  show  that  they  are  due  to  the  absorjjtion  of  part 
of  the  light  falling  on  them.  Placing  a  piece  of  red  glass  in  the  path 
of  the  beams  producing  the  spectrum,  we  find  that  only  red  and  a  small 
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amount  of  orange  are  allowed  to  pass  through.  With  this  blue  glass  we 
find  that  blue  is  the  chief  colour  on  the  screen,  but  that  red,  green  and 
violet  also  are  found.  Using  these  liquids  we  find  similar  results  ;  and 
we  find  that  the  colour  passing  through  is  the  same  as  the  colour  of  the 
body.  In  other  woi'ds,  the  colour  which  a  body  appears  to  possess  is 
due  to  the  fact  that  when  white  light  falls  on  a  body  part  of  it  is 
absorbed  and  the  other  part  is  thrown  back  to  the  eye,  giving  us  the 
impression  of  a  certain  colour.  We  would  thus  infer  that  the  colours  of 
bodies  depend  on  the  incident  light.  This  can  be  shown  by  holding 
these  coloured  ribbons  in  the  different  parts  of  the  spectrum.  This  fact 
is  recognized  in  the  decorations  of  our  homes,  where  staiued  glass  win- 
dows, coloured  curtains,  lampshades,  etc.,  etc.,  are  used  to  produce  a 
pleasing  effect. 

We  might  also  show  that  the  colours  of  bodies  depend  not  orJy  on 
the  incident  light  but  also  upou  the  colours  of  suri-ouuding  bodies.  But 
this  change  of  colour  due  to  contact  belongs  to  physiology  or  psychology, 
and  illustrates  the  fact  that  the  colour  of  a  body,  as  usually  understood, 
does  not  exist  apart  from  ourselves,  and  is  a  statement  of  the  eye  rather 
than  of  the  body. 

We  now  wish  to  show  some  of  the  results  of  the  mixture  of  coloui's. 
For  this  purpose  we  will  use  Maxwell's  disks,  which  are  circles  of 
coloured  cardboard,  cut  along  one  of  the  radii.  We  are  thus  able  to 
join  two  or  more  disks  so  as  to  have  any  proportion  we  please  of  the 
chosen  colours.  Placing  these  red  and  black  disks  on  the  turning  table 
and  turning  quickly,  we  find  that  the  colour  produced  is  brown.  If  we 
increase  the  proportion  of  black  to  red,  the  brown  is  deepened.  (A 
number  of  mixtures  were  shown.)  If  red  and  bluish-green  colours  in 
about  equal  parts  be  chosen,  the  result  is  seen  to  be  white  light.  Simi- 
larly with  orange  and  light  blue,  or  yellow  and  deep  blue.  These  pairs 
of  colours  producing  white  light  are  called  complementary  colours. 
Taking  Newton's  disk — a  di.sk  having  painted  on  it  the  chief  colours  of 
the  spectrum  in  their  proper  proportions — we  find  when  it  is  rotated 
rapidly  that  white  light  is  the  result.  Placing  iu  front  of  this  disk  and 
on  the  same  axis  a  brass  disk  having  sectors  cut  out,  and  rotating  both,, 
a  vei-y  pretty  effect  is  produced.  When  the  disks  rotate  with  the  same- 
velocities,  some  of  the  colours  are  cut  out  and  the  remaining  ones  com- 
bine to  form  a  single  colour.  If  the  velocities  are  slightly  different,  thia 
combination  colour  is  continually  changing.  Using  a  brass  disk  with 
spiral  part.s  cut  out,  the  effect  is  still  more  pleasing. 
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It  sliould  be  I'emarked  here  that  the  mixture  of  coloured  pigments  is 
quite  diffei-eut  from  the  mixture  of  colours.  For  instance,  a  mixture  of 
yellow  and  blue  pigments  ])roduces  a  green,  while  a  mixture  of  the 
.same  colours  in  equal  proportions  produces  white.  The  reason  for  the 
difference  is  seen  immediately,  when  it  is  remembered  that  the  colour  of 
a  pigment  is  due  to  absorption. 

It  is  to  be  noticed  that  when  yellow  and  blue-green  enter  the  eye, 
the  result  is  white  light.  But  the  eye  is  unconscious  of  there  being 
two  colours  pi'esent  ;  in  other  words,  it  is  unable  to  [)ick  out  the  parts 
producing  any  effect.  In  this  it  is  not  as  sensitive  an  insti'ument  as  the 
eai',  which,  in  the  case  of  a  trained  musician,  can  pick  out  the  several 
notes  of  a  chord.  Moreover,  to  the  eye,  the  mixture  of  red  and  green 
colours  is  the  same  as  the  mixture  of  all  the  colours  of  the  spectrum. 
But  objectively  these  mixtures  are  entirely  different.  "  Each  particular 
kind  of  yellow  may  be  any  one  of  an  infinite  combination  of  homo- 
geneous rays." — (Tait.)  From  this  it  would  appear  that,  as  far  as  the 
detection  of  colour  is  concerned,  the  eye  is  an  imperfect  optical  instru- 
ment. 

We  have  seen  that  with  a  few  colours,  say  red,  green,  and  blue- 
violet,  we  can  produce  almost  all  others.  With  the  same  colours  in  pig- 
ments, or  with  led,  yellow  and  blue,  an  artist  is  able  to  produce  almost  any 
desirable  tint.  Hence,  arises  the  notion  that  there  are  only  three  funda- 
mental or  primary  colours,  and  that  all  others  are  but  mixtures  of  these. 
This  idea  gained  the  assent  and  approval  of  no  less  an  eminent  physicist 
than  Sir  David  Brewster.  He  maintained  that  there  were  three  original 
or  fundamental  kinds  of  light — red,  yellow  and  blue — and  in  fact, 
thought  that  he  had  shown  the  existence  in  the  spectrum  itself  of  these 
three  sets  of  rays  as  well  as  the  absence  of  all  others.  In  this  sense  the 
notion  of  three  primary  colours  is  entirely  erroneous.  For  apart  from 
ourselves  there  is  no  such  thing  as  colour,  light  consisting  only  of 
mechanical  motions,  vibrations  of  certain  wave  lengths  ;  and  by  hundreds 
of  physicists  the  wave  lengths  of  the  different  colours  in  the  sjiectrum 
have  been  determined  and  have  been  found  to  vary  continuously  from 
T76Wir  to  tTTFuuo  of  an  inch,  showing  that  the  number  of  colours  is 
infinite. 

If  Brewster's  theory  be  true,  the  mixture  of  yellow  and  blue  lights 
should  produce  green  (as  in  pigments).  We  have  shown  that  in  equal 
parts  they  have  pi'oduced  white.  Theoretically  the  notion  is  untrue, 
and  experimentally  it  is  untrue. 
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In  another  sense,  however,  the  notion  of  three  primary  colours  may- 
be true.  It  may  be  true  that  on  the  I'etina  there  are  three  kinds  of 
terminals  to  the  optic  nerve,  one  corresponding  to  red,  one  to  green,  and 
the  other  to  violet.  This  is  the  theory  brought  forward  by  the  celebrated 
Thomas  Young,  and  carefully  extended  and  worked  out  by  such  giants 
as  Clerk  Maxwell  and  Von  Plelmholtz.  But  the  three  primary  colours 
seem  to  be  arbitrary  except  under  the  condition  that  together  they  shall 
produce  white  light.  It  should  be  remarked,  however,  that  physiologists 
have  never  discovered  the  three  kinds  of  terminals  necessary  for  this 
ingenious  theory. 

Objectively,  then,  the  notion  of  three  primary  colours  is  entirely 
wrong,  subjectively,  it  may  possibly  be  right. 

Let  me  turn  to  another  question.  What  combinations  of  colours 
produce  a  pleasant  effect,  and  why  should  that  effect  be  produced  1  Why 
should  some  combinations  })lease  us  and  others  produce  a  cold  or  a 
jarring  effect  ?  I  have  tried  to  gain  information  concerning  the  harmon- 
izing of  colours  from  a  very  reliable  source,  viz.,  from  lady  friends,  and 
from  the  answers  received  I  would  infer  that  the  harmonizing  of  colouis 
has  not  yet  been  reduced  to  a  science. 

One  notion  which  obtains  at  present  to  a  large  degree,  is  that  there 
is  an  analogy  between  the  harmony  of  colours  and  the  harmony  of 
musical  notes.  For  instance,  a  note  and  its  octave,  or  its  5th,  4th,  or 
3rd,  will  produce  harmony.  A  note  and  its  2nd  or  7th  will  give  discord. 
Can  the  same  be  said  of  colour?  Will  the  red  harmonize  with  its 
octave  5th,  4th,  or  3rd,  and  produce  an  unpleasant  effect  with  its  2nd  or 
7th.  One  flaw  immediately  appears,  due  to  the  fact  that  red  has  neither 
octave  nor  seventh. 

The  intervals  in  the  Diatonic  scale  are  as  follows  : — 
C  ^  \.  :  D  =  I.  ;  E  -  i:  F  =  ^;  G  -  ^ :  A  -  i  :  B  =  -"^  :  G  -  2. 
The  ratios  of  the  vibration  frequencies  of  the  chief  colours  are  :  Red  ^  1  : 
orange   =   \l  :  yellow  =  |  :  green  =   ||    +    (=   |  — )  :  blue  =  fi  : 
indigo  =  y^  :  violet  =:  |.     The  fifth  of  red  is  seen  to  be  violet,  which 
usually  does  not  harmonize  with  red. 

We  must  first  ask  the  question,  what  produces  discord  in  sound. 
The  woi'k  of  Rudolph  Koenig  leaves  no  doubt  on  this  point.  He  shows 
that  discord  is  due  to  beats  produced  not  only  by  the  fundamentals  but 
by  overtones  and  combination  tones.  Now  no  such  thing  as  an  overtone 
can  exist  in  light,  and  no  combination  tone  can  exist  unless  its  number 
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of  vibrations  lies   between   477  and   499   MM.   vibrations  per  second. 
Here  again  the  analogy  entirely  fails. 

Moreover,  liarmony  in  music  is  due  to  combination  ;  in  colour  it  is 
due  to  contrast ;  and  it  will  readily  be  acknowledged  that  to  produce  a 
pleasant  effect  not  only  shoidd  tliero  be  an  agreeable  contrast  in  colour 
tone,  but  also  in  brightness  and  saturation.  These  facts  tend  to  show 
that  there  is  a  fundamental  difference  in  the  sensations  of  hearing  and 
vision,  the  first  being  connected  with  time,  the  second  with  space. 

Our  judgment,  then,  concerning  combinations  of  colours,  is  probably 
influenced  by  many  obscure  considerations,  among  which  may  be  men- 
tioned inherited  tendencies  to  like  or  dislike  certain  combinations  or 
colours  ;  training  ;  influence  of  general  colour  effects  by  which  we  are 
surrounded. 

We  have  shown  to-night  how  colour  may  be  produced  by  dispersion, 
by  absorption,  by  the  mixture  of  colours. 

We  wish  now  to  show  another  method. 

In  explaining  the  colour  of  bodies  it  was  stated  that  when  white 
light  falls  on  a  body  part  of  it  is  absorbed.  This  absorbed  part  usually 
causes  the  body  to  become  heated.  In  other  Avords,  vibrations  of 
between  470  and  700  MM.  per  second  are  reduced  in  number  to  less 
than  470  MM.  per  second.  Among  the  many  substances  which  exist 
we  should  find  somewhere  the  reduction  is  not  so  great  as  this.  If,  for 
instance,  we  caused  violet  light  to  fall  on  such  a  body,  and  if  the  rays 
given  off,  instead  of  being  heat  rays,  i.e.,  rays  of  400  or  450  ]MM. 
vibrations  per  second,  were  rays  of  550  or  600  MM.  per  second,  we 
should  receive  the  sensation  of  green.  Bodies  possessing  these  pro- 
perties were  discovered  by  Sir  George  Gabi-iel  Stokes,  and  this  property 
which  bodies  have  of  giving  off  light  differing  both  from  the  incident 
light  and  from  their  own  light  was  called  by  him  fluorescence.  In  the 
general  case  the  emitted  light  is  of  a  lower  order  of  refrangibility  than 
the  incident  light. 

We  wish  to  call  attention  to  the  result  when  violet  light  falls  on 
uranium  glass,  on  a  solution  of  sulphate  of  quinine,  on  a  glass  of  water 
into  which  horsechestnut  bark  is  dropped,  on  solutions  of  eosein  and 
fluorescine,  and  on  paper  im|:)regnated  with  any  of  these  solutions 
(experiment).  We  may  add  the  interesting  fact  that  one  part  of  fluor- 
escine dissolved  in  alkali  and  diluted  with  2,000,000  parts  of  water  still 
shows  a  fluorescence. 
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If  the  effect  were  not  of  a  temporary  nature,  but  existed  even  after 
tlie  incident  light  was  shut  off,  the  phenomenon  goes  under  another 
name,  viz.,  phosphorescence.  This  effect  is  seen  when  we  allow  tlie  light 
from  the  lamp  to  fall  upon  glass  tubes  containing  phosphorescent  sub- 
stances, such  as  the  sulphides  of  strontium  and  barium.  After  the  light 
is  shut  off  they  are  seen  to  glow  with  beautiful  tints. 

I  have  tried  to  explain  the  physical  nature  of  colour,  and  to  sJiow 
some  of  the  many  modes  of  producing  it.  If  I  have  added  any  interest 
to  the  study  of  colour,  or  if  I  have  thrown  any  light  u[)On  that  study,  I 
shall  be  pleased. 

At  the  conclusion  of  the  lecture  Mr.  A.  Elvins  moved  a  vote  of 
thanks  to  Mr.  Hull  and  his  able  assistant,  Mr.  Plaskett,  who  had  so 
admirably  succeeded  in  presenting  a  most  interesting  sidyect,  and  one 
which  the  amateur  finds  difficulty  in  understanding  until  he  sees  it 
illustrated  as  it  had  been  during  that  evening. 

Mr.  W.  A.  Douglas,  M.A.,  in  seconding  the  motion,  referred  to  the 
comparative  ease  with  which  scientific  truths  can  be  presented  to  the 
mind  when  given  as  object  lessons,  and  hoped  that  the  educational 
authorities  would  yet  see  the  necessity  of  adopting  this  method,  even  in 
the  teaching  of  science  to  the  very  young. 

The  Chairman,  in  putting  the  motion,  which  was  most  heartiW 
received  by  the  meeting,  referred  to  the  high  standing  of  the  University 
of  Toronto,  and  thought  it  a  matter  of  the  highest  congratulation  that 
those  who  now  give  instruction  in  the  various  branches  of  learning  were 
those  who  had  received  their  education  within  those  walls.  This 
augured  well  for  the  future  of  Canada. 

On  motion  of  Mr.  G.  E.  Lumsden,  seconded  by  Mr.  J.  Van  Sommer, 
a  hearty  vote  of  thanks  was  tendered  Professor  Loudon,  President  of 
the  University,  for  his  kindness  in  granting  the  use  of  the  lecture  room 
for  the  occasion.  Mr.  Hull  acknowledged  the  thanks  of  the  meeting  on 
behalf  of  Professor  Loudon  and  himself,  and  tendered  his  thanks  to  Mr. 
Plaskett,  whose  assistance  had  enabled  him  to  illustrate  the  subject 
chosen 
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SEVENTH  MEETING. 

April  lltli  ;  Mr.  Joliu  A.  Paterson,  M.A.,  Tice-President,  in  the 
chair. 

The  Secretary  was  directed  to  convey  the  thanks  of  the  Society  to 
Mr.  E.  S.  Holdei),  LL.D.,  of  Lick  Observatory,  for  photographs  of  the 
Moon  received  from  him  ;  to  Mr.  John  HoUingworth,  of  Muskoka,  and 
to  Mr.  E.  W.  Gardner,  both  of  whom  had  recently  made  valuable  con- 
tributions to  the  library  ;  and  also  to  Mr.  A.  Aronsberg,  who  had 
kindly  mounted  and  framed  the  photographs  now  on  the  walls  of  the 
•Society's  rooms. 

Mr.  John  A.  Co|)land  communicated  a  minute  description  of  the 
recent  auroral  displays,  and  remarked  particularly  that  the  phenomena 
-of  April  13th  were  almost  exactly  repeated  on  the  evenings  of  April 
14th  and  15th. 

Mr.  A.  Elvins,  who  had  brought  some  electrical  apparatus  to  the 
rooms,  performed  some  of  the  experiments  designed  to  illustrate  the 
first  principles  of  electricity  and  magnetism,  for  the  benefit  of  the  young 
student.  These  were  quite  successful  and  warmly  appreciated.  Some 
special  experiments  which  had  been  designed  were  impossible  on  account 
of  the  humidity  of  the  atmosphere  in  the  room.  Mr.  Elvins  was 
requested  to  favour  the  members  with  these  at  a  future  meeting. 

Mr.  J.  A.  Collins,  who  had  been  requested  to  continue  his  experi- 
ments in  magnetism,  presented  the  following  notes  on 

MAGNETIC    STRESS. 

My  brother,  Mr.  Z.  M.  Collins,  and  myself,  undertook  some 
little  time  ago  to  determine,  if  possible,  whether  actual  contact  takes 
place  between  a  magnet  and  its  armature  when  freely  acting  upon  each 
other.  Numerous  experiments,  conducted  by  the  most  direct  methods 
at  our  command,  repeated  again  and  again,  seemed  to  show  that  a 
magnet  of  any  size,  shape  or  strength,  draws  an  armature  of  soft  iron  to 
within  a  distance  of  about  '001  inch  from  its  surface;  at  which  point 
the  stress  or  pull  is  greatest.  When  the  armature  was  forced  nearer 
than  00 1  inch  to  the  magnet's  surface  it  appeared  to  be  repulsed  to  the 
neutral  zone  of  maximum  magnetic  stress,  vibrating  with  a  see-saw 
motion  back  and  forth  across  this  zone  until  equilibrium  was  established. 
4 
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Gold  and  silver  leaf  less  than  -001  inch  in  thickness,  were  interposed 
between  the  surfaces  without  diminishing  the  force  of  pull  of  the  magnet 
on  its  armature,  but  when  the  leaf  exceeded  -001  inch  in  thickness,  the 
pull  diminished  in  equal  ratio  as  the  distance  was  increased ;  the  same 
i-esults  were  obtained  when  one  or  both  poles  were  brought  into  action, 
either  with  permanent  or  electro-magnets.  The  sui'faces  experimented 
upon  were  carefully  polished,  so  as  to  insui-e  against  the  possibility  of" 
the  iron  particles'  piercing  the  leaf;  other  necessary  precautions  being 
taken  to  insure  success  and  freedom  from  error  as  far  as  possible. 

At  the  commencement  of  these  experiments  we  were  handicapped  by 
the  failure  of  the  "  law  of  inverse  squares  "  to  work  out  satisfactorily, 
notwithstanding  that  our  text  books  and  authorities  informed  us  that 
the  law  of  "inverse  squares  "  as  the  ratio  of  magnetic  stress,  as  regards 
distance,  was  conclusively  established  by  Coulomb's  celebrated  torsion 
balance  experiment  nearly  a  century  ago ;  that  is,  the  pull  of  a  magnet 
upon  its  armature  increases  four-fold  every  time  the  distance  separating 
them  is  diminished  one-half,  under  proper  conditions.  When  both  poles 
of  two  magnets  act  upon  each  other  the  ratio  is  said  to  be  "  the  inverse 
cube." 

We  had  no  idea  of  questioning  the  universal  truth  of  this  until  the 
following  results  seemed  to  prove  its  fallacy  for  minute  distances. 

We  first  began  by  finding  the  pull  of  a  magnet  on  its  armature  or 
other  magnet  at  \  inch  to  be  1  ounce,  while  in  contact  the  pull  was 
14  lbs.  ;  when  the  distance  was  worked  down  in  the  proportion  of 
inverse  squares  from  surface  to  surface,  we  found  that  if  this  law  were 
true,  in  this  case  a  stress  of  14  lbs.  should  be  reached  when  the  surfaces 
were  -rsr  inch  apart. 

Knowing  that  such  a  gap  as  this  could  not  possibly  exist  under  the 
conditions,  we  figured  the  distance  from  the  centres  of  mass  of  armature 
and  poles  of  magnet  without  finding  agreement  with  fact,  also  from  the 
different  molecular  strata  of  armature  and  poles,  regarding  each  molecule 
as  a  point  in  itself — as  suggested  by  Sylvanus  Thompson — but  found  all 
these  methods,  when  worked  out  by  "inverse  .squares,"  to  give  imi^ossible 
results. 

By  the  interposition  of  gold  and  silver  leaf,  as  described  above,  we 
ascertained  the  actual  distance  between  the  two  surfaces  to  be  -001  inch, 
a^reein"  with  the  result  calculated  by  simple  proportion,  inversely  as 
the  distance  from  surface  to  surface.     When  -001  inch  was  taken  as 
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zero  of  distance  or  starting  point  to  measi;re  from,  the  magnetic  stress 
was  found  to  reduce  in  simple  proportion  as  the  distance  was  increased. 
When  a  film  -002  inch  thick  was  interposed,  forcing  the  armature  twice 
as  far  away,  the  pull  dropped  one  half.  When  two  films  were  inter- 
posed, doubling  this  distance,  the  pull  dropped  one-half  again,  and  so  on 
until  \  inch  was  reached,  after  passing  which  point  the  ratio  of  stress 
seemed  to  gradually  merge  into  3rds  as  distance  increased,  and  at  about 
f  inch  the  ratio  of  inverse  squares  was  asserted,  and  held  true  as  far 
as  could  be  determined  from  that  point  outward.  Very  thin  tissue 
paper,  whu  inch  thick,  which  appeared  fuzzy,  resembling  fungous  growth 
under  the  microscope,  was  placed  between  a  magnet  pulling  5  lbs.  and 
its  armature  ;  the  paper  was  then  placed  under  the  microscope,  and 
showed  a  very  slight  depression  of  the  tops  of  the  fuzzy  surfiice  of  the 
paper  where  the  armature  had  pressed  it ;  the  same  paper  was  then 
carefully  placed  on  a  polished  metal  block  and  a  similar  block  of  5  lbs. 
weight  gently  placed  upon  it,  and  examination  with  the  microscope  then 
showed  the  fuzzy  surface  to  be  flattened  out,  proving  that  the  surfaces 
in  the  latter  case  were  closer  together  than  in  the  former. 

Gold  and  silver  fibres  were  used  for  testing  the  distances  inside  "001 
inch,  and  layers  of  smooth,  hard  paper,  of  uniform  thickness,  preferably 
of  shs  inch,  were  used  for  distances  outside  this  point  as  far  as  -h  inch, 
where  brass  plates  of  known  thickness  were  substituted.  Like  results  were 
arrived  at  with  either  electro  or  permanent  magnets,  large  and  small, 
flat,  rounded,  pointed,  thick,  broad  or  thin,  with  single  or  double  poles, 
end  on  or  broadside  :  the  shape  seeming  only  to  affect  the  extent  of  the 
field  of  any  given  ratio  of  stress. 

The  torsion  balance  was  also  appealed  to,  and  appeared  to  confirm 
these  results  both  as  regards  attraction  and  repulsion.  In  this  case 
well  tested  rubber  strand  was  substituted  for  wire  or  fibre,  which  would 
not  stand  the  excessive  strain  of  torsion  necessary  for  testing  this  point, 
10,000°  of  torsion  being  sometimes  used.  The  needles  were  suspended 
as  well  as  being  centrally  pivoted  to  keep  them  in  the  true  axis  of 
rotation  ;  the  needles  used  with  this  torsion  balance  were  of  all  shapes 
and  dimensions. 

We  found  that  without  making  allowance  for  the  -001  inch  spoken 
of,  DO  proper  ratio  of  any  kind  could  be  satisfactorily  worked  out  for 
minute  distances.  We  found  it  impossible  to  find  the  ratio  unless  -001 
inch  was  a  factor  of  the  thickness  of   the  films   used  for  measuring  the 
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distance.  This,  together  with  the  fact  that  the  ordinary  torsion  balance 
will  not  stand  the  strain  necessary  for  testing  accurately  measured 
minute  distances,  may  be  the  reason  for  the  failure  to  secure  uniform 
and  satisfactor}'  results  on  this  point  since  Coulomb  is  said  to  have 
established  the  universality  of  the  law  of  "  inverse  squaies." 


EIGHTH   MEETING. 

INIay  1st;  Mr.  E.  A.  Meredith,  LL.D.,  in  the  chair. 

The  Council  presented  the  report  of  their  meeting  held  24th  April, 
recommending  the  appointment  of  an  "  Assistant-Secretary  and  Editor 
of  Transactions,"  to  be  paid  an  annual  honorarium  ;  and  presenting  a 
scheme  for  the  affiliation  of  other  scientific  associations  w4th  this  Society. 
The  report  was  adopted,  the  Constitution  amended  accordingl}'. 

On  motion  of  Mr.  Chas.  P.  Sparling,  and  Mr.  J.  Todhunter,  Mr.  Thos, 
Lindsay  was  declared  elected  to  the  office  of  Assistant-Secretary  and 
Editor  of  Transactions. 

Letters  were  read  from  Mr.  Otto  Struve,  St.  Petersburg,  thanking 
the  Society  for  honoraiy  membership  conferred  upon  him ;  from  T. 
Cooke  &,  Sons,  of  York,  England,  calling  attention  to  the  objectives 
which  they  had  recently  made,  of  triple  lenses,  and  arranged  so  as  to 
perform  equally  well  for  visual  and  photographic  work ;  from  W.  H. 
Wood,  of  Birmingham,  England,  objecting  to  the  calculated  height  of 
the  aurora  of  the  15th  July,  1893,  as  shown  in  the  Society's  last  report. 

Dr.  M.  A.  Veeder  wrote  in  reference  to  the  auroral  research  as 
follows  : — The  auroral  research  is  progressing.  Many  excellent  reports 
from  such  distant  localities  as  Siberia,  Finland,  Scandinavia,  Alaska,  etc., 
are  already  at  hand.  The  general  conclusions  which  have  been  brought 
to  your  notice  from  time  to  time  are  being  confirmed  most  emphatically. 
The  auroral  reports  thus  far  received  from  the  vicinity  of  the  77th 
meridian,  from  South  Carolina  northward  into  Canada  (March  30th), 
indicate  that  at  about  8  o'clock  p.m.  the  apex  of  the  luminous  mass  was 
at  about  latitude  40°  or  41°,  and  had  an  apparent  elevation  of  25°  as 
seen  from  points  about  600  miles  southward  on  the  same  meridian. 
This  would  give  an  actual  altitude  of  from  300  to  350  miles  above  the 
surface  of  the  Earth.     The  observations  in  connection  with  this  display 
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were  the  best  of  which  I  liave  any  knowledge  for  the  determination  of 
altitude. 

Continuing  the  subject,  Mr.  Arthur  Harvey  differed  from  tlie  con- 
tentions of  Mr.  Wood,  of  Birmingham,  and  explained  the  method  by 
which  the  height  of  the  arch  of  the  15th  of  July  had  been  calculated, 
and  referred  to  the  correspondence  from  Dr.  Veeder,  just  read,  to  show 
that  it  was  usefully  employed  elsewhere.  He  also  alluded,  at  some 
length,  to  the  auroral  observations  of  Mr.  Cleveland  Abl)e,  of  the 
Weather  Bureau,  Washington,  some  of  which  were  of  extreme  interest, 
and  were  described  in  a.  report  recently  received  from  that  officer. 

The  President,  Mr.  Charles  Carpmael,  F.R.A.S.,  forwarded  a  nio.st 
interesting  letter,  received  from  Mr.  Otto  J.  Klotz,  of  the  Dejmrtment  of 
the  Interior,  Ottawa  ;  Mr.  Klotz  enclosed  two  interesting  cable  records 
of  earth  currents  obtained  at  St.  Pierre,  Miquelon,  and  referred  to  very 
noteworthy  disturbances  which,  on  the  28th  of  February  last,  damaged 
one  of  the  recording  condensers,  and  seriously  interfered  with  the  work- 
ing of  the  cable.  He  stated  that  these  currents  are  very  little  understood, 
but  that  a  great  deal  of  valuable  data  could  be  procured  from  the  cable 
offices,  where  the  siphon  is  used,  and  suggested  that  the  Society  might 
interest  itself  in  collecting  earth  current  records,  and  in  comparing  them 
with  other  electrical  and  magnetic  phenomena,  as  well  as  with  solar 
observations  and  disturbances,  believing  the  cable  companies  would 
cheerfully  assist  in  attempting  "  to  unravel  some  of  tliat  which  is 
unknown."  In  forwarding  the  papers,  ]Mr.  Carpmael  added  a  memo- 
randum regarding  magnetic  disturbances  affecting  Atlantic  cables  and 
the  magnetic  instruments  at  the  Toronto  Observatory  on  certain  recent 
dates,  and  said  he  would  be  glad  to  see  something  done  in  the  matter. 

The  subject  of  sun-spots,  their  position — whether  elevated  above  or 
depressed  below  the  photosphere — their  relative  brightness,  etc.,  having 
arisen  on  the  observations  reported  by  Mr.  Pursey  and  others,  Mr.  A.  F. 
Miller  described  some  of  these  phenomena,  and  referred  to  the  contention 
recently  advanced  by  Mr.  Wilson,  an  English  observer,  that  sun-spots 
are  elevations,  and  not  depressions,  a  theory  not  commonh'  received. 

An  interesting  discussion  followed.  Mr.  Harvey  referred  to  the 
observations  at  the  Vatican  Observatory,  which  seemed  to  show  con- 
clusively that  sun-spots  are  depressions  in  the  photosphere  of  the  Sun. 
Mr.  J.  G.  Pvidout  concurred  in  this  view.  Mr.  Elvins  stated  he  had,  as 
long  ago  as  1872,  maintained  that  sun-spots  were  elevations  rather  than 
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depressions,  and  held  that  the  phenomena  of  spots  on  the  limb  corrobo- 
rated this  view,  although  otherwise  interpreted  by  some  observers. 

Observations  on  the  aurora  of  the  27tli  of  April,  and  the  peculiar 
oval  parhelia  of  the  27th  and  28th,  were  reported  by  Dr.  Donaldson, 
Mr.  J.  R.  Collins,  and  others.  Mr.  Collins  also  showed  four  photographs 
of  the  Moon  taken  with  a  10-inch  reflecting  telescope  on  the  14th  of 
April. 

Mr.  Pursey  reported  several  additions  to  the  library  ;  besides  the 
current  numbers  of  exchanges,  he  had  received  from  a  member  who 
desired  his  n;ime  withheld,  several  volumes  of  scientific  works  and  a 
geological  strata  map  of  the  North  American  Continent.  A  hearty  vote 
of  thanks  was  passed,  and  the  Librarian  directed  to  couvey  the  same  to 
the  donor, 

A  paper  on 

FALLACIES  IN  MATHEMATICS  AND  ASTRONOMY, 

was  read  by  Mr.  T.  Lindsay. 

The  errors  of  the  Old  World  in  regard  to  the  form,  magnitude  and 
motions  of  the  Earth  were  discussed  at  some  length,  it  being  pointed  out 
that  it  is  difficult  to  account  for  these  errors  when  it  is  remembered  how 
far  advanced  the  ancients  were  in  pure  geometry.  The  fact  that  there 
are  still  some  who  cannot  grasp  the  truth  in  these  matters  was  explained 
by  the  supposition  that  there  are  minds  opaque,  as  it  were,  to  the  fun- 
damental principles  of  geometry,  as  some  of  us  are  deaf  to  music  and 
blind  to  colours.     Continuing,  Mr.  Lindsay  said  : 

We  have  given  but  little  credit  to  the  old  philosophers  who  did  so 
much  thinking  and  so  little  observing,  but  we  are  not  to  conclude  that 
we  have  thoroughly  learned  how  to  separate  simple  truths  in  pure 
mathematics  from  the  vague  indefinite  reasonings  of  metaphysicians. 
There  is  a  school  to-day — the  school  of  transcendental  geometry — which 
claims,  not  that  our  system  of  geometry  is  false  exactly,  but  that  we 
cannot  prove  it  to  be  true.  Ajid  they  have  hit  upon  a  great  stumbling 
block  in  the  shaj^e  of  Euclid's  definition  of  parallel  lines.  We  have  a 
system  of  geometry  of  planes  ;  we  throw  down  upon  a  plane  two  straight 
lines ;  they  will  either  meet  if  produced  or  they  will  not  meet ;  if  they 
do  not  meet  they  are  parallel.  But  the  difficulty  is  here  conjured  up, 
perhaps  if  they  were  produced  indefinitely  they  would  always  meet.  We 
naturally   ask,   when,   where,   wh}^  and  how,  and  we   find    there  is  at 
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the  root  of  the  idea  a  sort  of  conception  of  the  universe  as  finite, 
pictured  mentally  by  thinking  of  a  vast  sphere  which,  in  a  certain  sense, 
may  be  said  to  have  neither  beginning  nor  end,  so  that  what  is  ajjpar- 
ently  a  straight  line  upon  it  may  return  into  itself  if  produced  far 
enough.  There  are  several  very  distinguished  mathematicians  who  hold 
views  of  that  kind  ;  in  the  opinion  of  the  writer  they  have  simply  allowed 
themselves  to  wander  into  metaphysical  musings,  forgetting  that  this 
very  course  was  the  cause  of  the  world's  losing,  at  least  two  thousand 
years,  in  learning  the  most  open  of  Nature's  secrets. 

They  should  know,  and  they  do  know,  that  the  grand  structure  of 
modern  exact  astronomy  is  based  upon  the  geometry  of  planes — that  we 
prove  theorems  in  spherical  geometry  by  tracing  back  to  truths  already 
found  in  reference  to  plane  figures,  and  that  if  a  straight  line  can  return 
into  itself,  if  two  parallels  may  meet,  if  two  angles  of  a  triangle  are  less 
than  two  right  angles,  then  the  result  of  the  labours  of  our  mathematical 
astronomers  laid  down  in  our  Ephemeris  is  false  and  misleading. 

So  far  from  there  being  any  difficulty  about  the  theory  of  parallels, 
we  hold  that  there  is  no  conception  of  the  human  mind  which  requires 
less  mental  effort.  The  straight  line  of  Newton  is  the  progression  of  a 
point  in  one  unchanged  direction  forever.  We  claim  that  there  is  no 
mind  removed  from  idiocy  which  cannot  grasp  this  definition.  Lines 
may  return  into  themselves,  but  not  these  lines,  for  the  definition  carries 
within  it  the  condition  that  they  will  not.  Two  lines,  in  a  certain  re- 
stricted sense  parallel,  may  meet  on  the  surface  of  a  sphere.  \Ye  have 
nothing  to  do  with  such  lines.  Our  parallels  are  drawn  in  a  plane ;  the 
geometer  who  says  he  cannot  grasp  the  idea  of  a  plane  is  simply  deceiv- 
ing himself.  Granted  that  space  is  finite,  we  will  not  even  ask  what  is 
on  the  other  side  of  it,  then  the  straight  lines  of  Newton  and  the  paral- 
lels of  plane  geometry  are  diameters  and  chords  ;  transcendental  geo- 
metry will  surely  never  ask  us  to  imagine  a  vast  sphere  all  circumference 
and  no  diameter.  There  is  positively  nothing  to  be  gained  bjr  expending 
one's  energies  in  finding  difficulties  in  the  "  theory  of  parallels,"  or  any 
other  of  the  axioms  of  plane  geometry  which  are  innate  concepts — the 
musings  of  the  mind  within  itself^truths  inseparable  from  mere  con- 
sciousness alone. 

Of  the  same  order  as  the  fallacy  regarding  parallels  and  sti-aight 
lines  is  the  idea  of  four-dimensioned  space.  It  has  been  argued  that 
l)eings  living  in  one  dimension  would  not  be  able  to  comprehend  two  ; 
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that  beings  living  in  two  dimensions  would  not  be  able  to  comprehend 
three  ;  therefore,  living  in  three  dimensions  as  we  are,  it  is  no  argument, 
so  it  is  said,  against  four  dimensions,  that  we  cannot  readily  picture  it. 
It  seems  to  me,  however,  that  the  mind  which  can  conceive  of  beings 
living  in  two  dimensions  and  ignorant  of  a  third,  can  readily  conceive 
of  any  number  of  dimensions  ;  one  is  not  more  difficult  than  the  other. 
However  ingeniously  the  argument  may  be  presented,  there  is  still  the 
fundamental  concept  of  space  as  that  in  which  matter  exists,  and 
extended  above  and  below  and  around  him  ;  it  is  in  fact  an  easy  thing 
to  grasp  in  the  mind  ;  it  is  the  unfortunate  love  of  making  things  pur- 
))0sely  difficult  that  has  caused  the  discussion,  aided  by  an  altogether 
mistaken  use  of  analogy.  Another  cause  is  the  misapplication  of 
algebraic  symbols.  ^Ye  write  down  a  cubic  equation  and  say  the  root 
represents  the  side  of  a  cube;  we  write  down  an  equation  of  higher 
degree  and  say  the  root  represents  the  boundary  of  a  higher  dimensioned 
space.  But  there  is  no  real  connection  between  these  at  all.  Equations 
of  any  degree  are  simply  expressions  representing  the  adding  together 
of  numbers,  nothing  more.  The  root  of  an  equation  is  so  many  units, 
"which,  repeated  so  many  times,  will  sum  up  as  many  units  as  there  are 
in  the  given  power.  If  there  were  any  further  connection  than  this, 
then  as  there  is  no  numl^er  so  great  but  one  may  be  added  to  it,  we  may 
consider  that  there  is  space  of  an  infinite  number  of  dimensions,  an  idea 
which  any  one  may  hold  who  pleases. 

If  investigation  upon  these  lines  could  in  any  sense  benefit  us,  it 
would  be  well  to  undertake  it ;  but  it  can  only  result  in  throwing 
around  our  pure  geometry  a  metaphysical  covering  which  obscures  it. 
We  prefer  to  hold  to  our  system  of  exact  astronomy,  based  upon  the 
simplest  concepts,  and  will  be  content  to  leave  objections  with  those 
who  desire  exercise  in  the  use  of  words. 
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NINTH  MEETING. 

May  loth;  IMr.  John  A.  Paterson,  M.A.,  in  the  chair. 

Among  communications  received  were  fraternal  iettei's  from  The 
Leeds  Astronomical  Society,  and  Rev.  Walter  Sidgreaves,  Director  of 
the  Stonyhurst  Observatory. 

Mr.  Cleveland  Abbe  wrote  as  follows  : — 

Washingtox,  D.C,  31ay  12,  1894. 
To  the  President  oj"  the  Toronto  Astronomical  and  Physical  Society  : 

Dear  Sir, — I  have  the  honour  to  acknowledge  the  receipt  of  the 
recent  volume  of  your  Transactions,  containing  numerous  papers  on 
subjects  in  which  I  am  much  interested.  I  have  particularly  to  con- 
gratulate the  Society  on  the  continued  activity  of  the  venerable  Mr. 
Elvins,  with  whom  my  corres])onder)ce  began  in  1870,  and  ou  the 
activity  in  auroi-al  stxidies  of  Mr.  Carpmael,  Mr.  Harvey,  and  many 
others.  As  the  aurora  is  evidently  the  optical  result  of  electric  dis- 
charges, and  as  its  observation  is  much  interfered  with  by  daylight, 
moonlight,  and  the  various  avocations  of  the  v^oluntary  meteorological 
observers,  I  take  the  liberty  of  urging  that  the  Society  initiate  a  special 
movement  toward  the  systematic  observation  of  atmospheric  electricity, 
telegraphic  earth  currents  and  telephonic  phenomena.  As  Canada  has. 
always  been  conspicuous  for  its  auroral  phenomena,  and  contains  within 
its  borders  the  North  Magnetic  Pole,  and  has,  moreover,  the  terminals  of 
both  the  Atlantic  and  the  Pacific  Ocean  cables,  I  think  both  Europe  and 
America  may  reasonably  combine  with  the  Government  of  the  Dominion 
in  perfecting  the  great  work  in  terrestrial  magnetism  that  was  initiated 
by  the  establishment  of  the  Toronto  Observatory. 

I  have  elsewhere  indicated  my  conviction  [American  Meteorolo- 
gical Journal,  ix.,  p.  333),  that  a  complete  electric  observatory  should 
have  the  means  of  measuring  the  differences  of  potential  in  its  immediate 
neighbourhood  in  three  directions  at  right-angles  to  each  other  both  in 
the  atmosphere  and  in  the  Earth  ;  several  such  observatories,  within  a 
hundred  miles  of  each  other,  would  not  be  too  much  in  order  to  do  the 
work  thoroughly.  The  general  direction  of  such  work  should  be  in  the 
hands  of  a  board  whose  members  represent  respectively  practical  mag- 
netics,    electrical    engineering,    theoretical    electricity,     and    terrestrial 
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physics.  It  is  greatly  so  be  hoped  that  such  work  ma}^  be  organized 
before  death  robs  us  of  Lord  Kelvin,  Mascart,  Hehnholtz,  Wild, 
Boltzman,  Rowland,  Preece,  Schwendler,  Schott,  and  other  workers  in 
this  field. 

May  I  suggest  that  this  Society  take  the  initiative  by  addressing 
proper  memorials  to  the  great  national  associations  that  will  soon  hold 
their  summer  meetings  in  the  United  States,  Great  Britain,  France  and 
Germany  1  As  I  happen  to  be  a  member  of  these  I  shall  be  very  glad  to 
co-operate  with  you  in  this  work. 

With  high  regard,  I  remain,  yours  truly, 

Cleveland  Abbe. 

Dr.  E.  A.  Meredith  read  some  very  interesting  exti'acts  from  a  paper 
in  Harper's  Magazine  for  May,  and  written  by  Mr.  Harrington,  Chief 
of  the  Weather  Bureau  at  Washington,  on  the  subject  (previously 
discussed  by  the  Society)  of  the  fall  of  temperature  said  to  be  annually 
experienced  in  Europe  and  America  from  the  12tli  to  the  1  4tli  of  May. 
Dr.  Meredith  explained  the  theory  generally  held,  that  about  the  date 
mentioned  the  Earth  is  in  a  part  of  its  orbit  crossed  by  a  steam  of 
meteoric  matter  sufficiently  dense  to  cut  off  the  Sun's  heat  perceptibly. 
Mr.  R.  r.  Stupart,  Acting  Director  of  the  Toronto  Observatory,  said  he 
had  examined  the  Toronto  records  for  some  years,  but  had  failed  to  find 
evidence  supporting  the  theory,  but  promised  to  consult  those  of  some 
otlier  stations. 

Mr.  A.  Elvins  drew  especial  attention  to  a  very  interesting  group  of 
spots  then  nearly  central  on  the  Sun's  disc,  and  remarked  that  when  it 
came  over  the  Eastern  limb  the  umbrae  were  seen  as  soon  as  the  penum- 
brfe,  a  still  further  evidence,  in  his  opinion,  that  spots  are  elevations 
rather  than  depressions  in  the  Sun's  visible  surface. 

Mr.  R.  F.  Stupart  then  read  the  text  of  Mr.  Carpmael's  communi- 
cation of  April  2nd  : — 

Toronto  Observatory,  Longitude  5h.  17m.  34-65s.  West, 

April  2nd,  1894. 
Memorandum    regarding    magnetic    disturbances  affecting  Atlantic 
cables  and   the  magnetic  instruments   at  the  Toronto  Observatory  on 
certain  recent  dates. 

On  examining  our  magnetic  curves  corresponding  to  dates  on 
cable  slips,  we  find  that  on  the  night  of  the  20tli  February,  at  11.18 
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p.m.  (Toronto  mean  time),  the  magnets  became  considerably  disturbed, 
slow  waves  of  disturbance  being  registered,  the  declination  magnet 
tending  East,  attended  by  a  diminution  of  the  horizontal  force.  On  the 
21st  there  was  a  moderate  disturbance  until  7  p.m.,  when  it  increased,  but 
after  9  p.m.  the  magnets  became  much  quieter.  At  5. 15  p.m.  of  the  22nd 
the  initiative  movements  to  a  large  storm  appeared,  the  magnets  being 
suddenly  deflected  ;  but  it  was  not  until  about  10  p.m.  that  the  full  force 
was  felt,  which  continued  throughout  the  night  of  the  22nd  and  early 
morning  hours  of  the  23rd,  becoming  one  of  the  most  important  mag- 
netic storms  that  we  have  had  for  some  time.  Between  10  p.m.  and 
midnight  of  the  22nd  the  storm  was  at  its  worst;  for  about  an  hour  after 
midnight  a  lull  set  in,  but  after  1  a.m.  it  burst  out  afresh,  and  main- 
tained its  activity  until  the  afternoon  of  the  23rd,  appearing  again  dur- 
ing the  evening,  and  continuing  up  to  1  a.m.  of  the  24th  as  even  a  more 
important  disturbance  than  that  on  the  night  of  the  22nd.  On  the 
25th,  after  5  a.m.,  another  large  storm  set  in  and  continued  up  to  the 
afternoon  of  the  25th  :  it  was  particulai-ly  active  between  oAo  and  b 
a.m.  After  10  p.m.  of  the  28th  the  magnets  again  became  considerably 
disturbed,  and  continued  so  up  to  midnight. 

Some  large  changes  took  ])Iace  during  these  storms.  On  the  night  of 
the  22nd  the  declination  magnet  altered  1°  35'  in  about  15  minutes 
of  time;  and  the  range  from  10.33  p.m.  of  the  22nd  to  1.05,  a.m.  of  the 
23rd  was  1°  55'.  The  horizontal  force  changed  from  10.37  p.m.  to  0.57 
a.m.  of  the  23rd  -0078  C.G.S.,  and  from  the  afternoon  of  the  23rd  to 
9.48  p.m.  the  force  changed  -0089  C.G.S.  Both  components  were  above 
their  normal  until  5  p.m.,  when  a  rapid  diminution  set  in.  After  2 
-a.m.  of  the  24th  the  force  magnets  became  very  steady.  Some  extremely 
rapid  oscillations  of  the  V.F.  magnet  were  recorded  a  little  before  10 
p.m.  of  the  23rd.  A  fall  of  this  component  amounting  to  -012792  C.G.S. 
in  a  short  time  was  well  marked.  The  change  of  declination  on  this 
night  was  2"  21'  from  9.35  to  9.50  p.m.  On  the  25th,  at  6  a.m.,  the 
declination  magnet  was  vibrating  rapidly  and  considerably  \Yest  of  its 
mean  position,  attended  by  a  considerable  fall  of  both  forces.  A  marked 
Easterly  sweep  of  the  declination  magnet  took  place  at  6.50  a.m.,  when, 
at  the  same  time,  both  forces  commenced  to  rise.  The  disturbance  on 
the  2Sth  was  particularly  active  about  10.45  a.m.  Both  forces  during 
the  afternoon  were  above  their  normal,  and  jjrevious  to  4  p.m.  they  com- 
menced to  fall. 
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On  examining  the  curves  for  the  8th  and  9th,  we  clo  not  notice  any 
important  disturbances.  Between  7  p.m.  of  the  8th  and  2  a.m.  of  the 
9th,  slow  waves  of  disturbance  were  noticed  on  the  declination  curve, 
and  about  at  11.15  p.m.  of  the  8th  a  steady  Westerly  increase  of  decli- 
nation set  in,  which  was  decidedly  an  abnormal  movement.  At  2  a.m. 
of  the  9th,  or  7.48  a.m.  (Paris  time)  our  magnets  became  exceptionally 
steady. 

In  connection  with  the  above  disturbances  auroral  light  was  observed 
on  the  21st,  with  faint  auroral  streamers  in  North  and  North-east  from 
7  to  7.30  p.m. 

On  the  22nd,  a  brilliant  aurora  was  observed  at  8.15  p.m.  At  10.15 
o'clock  of  the  same  evening  a  very  beautiful  display  began,  showing 
crimson  and  green  streamers  and  corona,  but  no  pulsation.  This  dis- 
play was  preceded  by  fleecy  auroral  clouds,  and  during  the  time  of 
greatest  activity  streamers  from  the  corona  extended  to  the  celestial 
equatoi-.  The  aurora  first  began  in  the  North-west,  with  green  stream- 
ers, and  immediately  afterwards  streamers  in  the  East  extended  like  a 
scroll,  uTitil,  meeting  the  North-west  streamers,  it  became  rose-coloured 
to  the  Eastward  and  Westward.  On  the  23rd  there  was  a  brilliant 
auroral  display  of  first-class.  At  4  a.m.  patches  of  yellow  aurora  were 
seen  in  the  North  and  North-east,  extending  to  upwards  of  45^  in 
elevation. 

On  the  23rd,  as  soon  after  sunset  as  possible,  auroral  light  was  recog- 
nized in  the  North,  but  no  clouds  or  haze  before  sunset  could  be  called 
auroral  in  appearance.  At  6.15  p.m.  there  were  bright  yellow  stream- 
ers and  patches  to  an  elevation  of  50°,  and  extending  to  10*^  South  of 
East.  At  6.30  p.m.  the  auroral  light  extended  and  became  more  active 
and  strongly  tinged  with  red.  At  7  p.m.  there  was  bright  diffused  light 
in  the  North-east  and  East,  and  at  7.30  p.m.  some  fine  detached  stream, 
ers  in  North-east  increasing  in  vigour  and  extending  to  zenith.  This 
continued  without  much  change  until  9.30,  when  a  sudden  burst  of 
activity  developed  into  one  of  the  most  magnificent  displays  seen  for 
some  time  in  Toronto.  A  marked  absence  of  the  mere  pencil  or  streamer 
was  noticed,  but  patch  upon  patch,  wave  upon  wave,  flashed  to  th& 
zenith,  forming  at  9.40  a  splendid  corona.  At  this  time  the  auroral 
display  seemed  to  flow  from  all  parts  of  the  heavens,  approaching  equally 
near  to  the  horizon  in  all  directions.  In  fact  we  seemed  to  be  in  the 
centre  of  a  vast  tent  of  brilliant  colouis,  yellow,  red,  green,  and  bi'ight 
silver. 
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At  10  p.iu.  the  display  became  less  active  and  fainter,  and  by  10.45 
p.m.  was  much  reduced  ;  at  11.30  p.m.,  however,  there  was  a  sudden 
burst  of  waves  and  patches,  which  rose  to  the  zenith,  continuing  brilliant 
and  active  up  to  midnight. 

After  reading  the  record  as  above,  Mr.  Stupart  addressed  the  mem- 
bers on  the  subject  generally,  pointing  out  that  investigations  upon  this 
line  were  necessary  for  the  determining  of  the  connection  between  mag- 
netic disturbances  and  earth-currents.  That  a  connection  exists  is  well 
known,  but  the  cause  has  not  yet  been  explained.  Extracts  from  let- 
ters were  lead  outlining  the  methods  by  which  reliable  data  might  be 
secured  if  the  co-operation  of  the  cable  and  telegraph  companies  were 
obtained.  The  Chairman  read  a  recapitulation  of  a  valuable  paper  on 
this  subject  contributed  to  the  Royal  Society  by  Mr.  William  Ellis, 
Superintendent  of  the  Magnetic  Dei)artment  of  the  Observatory  at 
Greenwich  :  also  an  exti-act  from  the  pi-esidential  address  of  Lord 
Kelvin  bearing  upon  the  great  advantages  which  would  accrue  if  the 
subject  were  thoroughly  studied.  A  Committee,  with  Mr.  Stupart  as 
chairman,  was  appointed  to  enquire  into  the  best  means  of  promoting 
an  investigation  of  the  whole  subject. 

Mr.  G.  G.  Pursey  announced  that  Mr.  R.  B.  Ellis,  who  had  for  some 
time  been  an  active  member  of  the  Society,  was  about  to  leave  Ontario 
for  British  Columbia.  Mr.  Pursey,  seconded  by  Mr.  Musson,  moved 
that  the  Corresponding  Secretary  be  instructed  to  convey  to  Mr.  Ellis 
the  best  wishes  of  the  Society,  and  to  express  the  hope  that  in  his  new 
location  Mr.  Ellis  would  endeavour  to  still  take  as  active  an  interest  as 
possible  in  the  work  of  the  Society.      This  was  carried  unanimously. 


TENTH  MEETING. 

May  29th  ;  Mr.   E.  A.  Meredith,  LL.D.,  in  the  chair. 

An  invitation  from  the  Canadian  Institute  to  send  a  deputation  to 
consider  the  advisability  of  endeavouring  to  secure  for  Toronto  the 
meeting  of  the  British  Association  for  the  Advancement  of  Science  for 
1897,  was  accepted,  and  Mr.  John  A.  Paterson,  M.A.,  and  Mr.  James 
Todhunter  were  appointed  to  meet  the  representatives  of  other  bodies. 
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Mr.  Cleveland  Abbe,  of  Washington,  D.C.,  wrote : — 

"  Weather  Bureau,  Washington,  May  23,  1894. 

"  I  am  sorrv  to  see  that  Mr.  Carpmael  is  now  suffering  from  ill-healtb 
to  such  an  extent  as  to  be  obliged  to  take  an  extended  trip  to  Europe. 
But  I  doubt  not  that  his  interviews  with  foreign  scientists  and  Govern- 
ment officials  will  result  to  the  advantage  of  terrestrial  magnetism. 

"The  Astronomical  and  Physical  Society  has  taken  an  important 
step  in  appointing  a  Committee,  with  Mr.  Stuj)art  as  Chairman,  to 
enquire  into  the  best  means  of  promoting  the  investigation  of  terrestrial 
magnetism  and  earth  currents.  This  is  a  matter  that  has  been  near  to 
the  hearts  of  many  scientists  for  the  jmst  fifty  years,  and  the  whole  his- 
tory of  the  movements  in  this  direction  has,  I  think,  but  one  result,  viz., 
that  the  governments  and  large  commercial  companies  that  own  the 
telegraph  lines  and  cables  must  be  willing  to  co-operate  Avith  the  elec- 
trical experts  in  carrying  out  some  pre-arranged  programme." 

The  Librarian  presented  a  valuable  memoir  received  from  the 
Observatory  of  the  Roman  College,  and  containing  the  results  of" 
exhaustive  observations  of  the  prominences  on  the  Sun's  limb. 

Miss  A,  A.  Gray  read  the  following  paper  on 

THE    solar    parallax    AND    SUxV's    DISTANCE, 

contributed  by  J.  Morrison,  M.A.,  M.B.,  Ph.D.,  Washington,  D.  C,  an 
honourary  member. 

Of  all  the  numerous  astronomical  problems  which  have  engaged  the 
attention  of  astronomers  and  mathematicians  for  ages,  none  is  of  more 
importance  than  that  of  the  solar  parallax,  or  the  determination  of  th,e 
Sun's  mean  distance.  It  is,  in  fact,  the  great  fundamental  problem  of 
astronomy;  it  is  the  "  yard-measure,"  so  to  speak,  or  the  astronomical 
unit  by  which  we  express  the  dimensions  of  the  solar  system  and  the 
sidereal  heavens.  Tlius,  when  it  is  stated  in  our  Nautical  Almanacs 
that  the  distance  of  a  planet  from  the  Sun  or  from  the  Earth  is,  for 
instance,  1"345,  we  mean  that  the  distance  in  que.stion  is  l-34:5  times  the 
Earth's  mean  distance  from  the  Sun,  whatever  that  may  be. 

If  two  observers  were  to  view  the  Sun  at  the  same  instant  from  any 
two  points — say  the  northern  point  of  Spitzbergen  and  the  southern 
point  of  Tasmania — they  would  refer  the  Sun  to  different  positions  on 
the  celestial  sphere,  and  the  angular  displacement  is  the  parallax  due  ta 
these  points  of  observation.     The  solar  parallax  is  the  angle  which  the 
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Earth's  radius  subtends  at  the  Sun's  centre,  and  since  this  radius  is  very 
accurately  known,  the  Sun's  distance  becomes  known  when  we  know  the 
|)arallax.  The  measurement  of  this  angle,  which  is  a  very  small  one,  is 
attended  with  great  difficulties  ;  it  is  not,  however,  measured  directly, 
but  is  arrived  at  by  various  processes  which  involve  a  profound  knowledge 
of  mathematics.  The  object  of  this  paper  is  not  to  explain  these  pro- 
cesses, which  are  far  too  abstruse  for  discussion  here,  but  to  trace  the 
history  of  the  problem  from  the  first  attempts  at  its  solution  down  to  the 
present  time,  and  to  state  the  latest  results  arrived  at  by  the  astronomers 
of  our  own  day. 

The  first  attempt  to  determine  the  magnitude  and  distance  of  botli 
the  Sun  and  Moon,  of  which  we  have  any  authentic  record,  was  made 
by  Aristarchus  of  Samos,  about  270  years  before  the  Christian  Eia.  It 
is  not  known  with  any  degree  of  certainty  how  he  proceeded  to  attack 
the  problem,  but  his  method  must  necessarily  have  been  a  very  rougli 
one,  for  he  fixed  the  solar  parallax  at  three  minutes  of  arc,  which  would 
])lace  the  Sun  only  about  twenty  times  faither  from  the  Earth  than  the 
Moon  is.  Nothing  farther  was  done  in  this  direction  for  more  than  a 
century,  when  Hippavchus,  by  means  of  the  dimensions  of  tlie  Earth's 
umbra  in  lunar  eclipses,  confirmed  the  result  of  Aristarchus.  This 
value  was  generally  accepted  among  the  ancients  for  about  three 
centuries,  or  until  the  year  A.D.  140,  when  Ptolemy,  of  Alexandria  in 
Egypt,  by  the  same  process  as  that  of  Hipparchus,  reduced  the  parallax 
to  2'  50",  which  in  turn  became  the  accepted  value  for  more  than  eight 
centuries,  or  during  the  greater  part  of  the  Dark  Ages.  About  the  year 
A.D.  920,  an  Arabian  astronomer,  Albategnius,  by  the  same  method 
fixed  the  parallax  at  3'  7",  and  the  Hindoo  a.sti-onomers,  as  we  learn  from 
a  work  entitled  the  Surya-Siddhanta,  chai)ter  four,  determined  it  to  be 
about  4'.  No  farther  advance  was  made  in  this  direction  for  nearly  six 
centuries,  when  Copernicus,  the  foinider  of  modern  astronomy,  fixed  the 
parallax  at  3',  and  about  half  a  century  afterwards,  or  in  A.D.  1602, 
Tycho-Brahe  arrived  at  the  same  result.  The  method  employed  by  the 
last  two  astronomers  was  the  same  as  that  of  their  predecessoi-.s,  viz.,  by 
measuring  the  diameter  of  the  Earth's  shadow,  where  the  Moon  crosses 
it  during  a  lunar  eclipse.  Tlius  we  see  that  uo  advance  was  made 
dtiring  nearly  nineteen  centuries ;  the  astronomers  during  that  long 
period  used  the  same  method  and  reached  almost  the  same  results.  In 
A.D.  1618,  Kepler,  one  of  the  most  original  men  of  his  time,  devised  a 
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new  method  of  deteiunining  the  solai-  parallax.  He  was  the  first  to  suggest 
that  the  planet  Mars  be  observed  at  the  same  time  from  two  or  more 
very  remote  stations,  and  thence  determine  both  the  diurnal  parallax  of 
Mars  and  the  parallax  of  the  Sun.  In  this  way,  he  arrived  at  a  parallax 
of  one  minute  (of  arc),  which  is  greatly  in  excess  of  the  true  value, 
but  a  great  improvement  on  the  values  deduced  by  his  predecessors. 
The  next  great  advance  in  this  line  was  made  in  A.D.  1647,  when 
Wendelin  observed  that  when  the  Moon  is  exactly  at  the  "  first  quarter," 
or  when  exactly  half  her  disc,  as  seen  from  the  Earth,  is  illumined  by 
the  Sun,  the  lines  joining  the  centres  of  the  Earth,  Sun  and  Moon,  form 
a  right-angled  triangle,  with  the  right-angle  at  the  Moon,  and,  therefore, 
by  measuring  the  angular  distance  between  the  Sun  and  Moon  when  the 
latter  is  exactly  half  illumined  and  using  the  Moon's  distance  as  a  base 
line,  the  Sun's  distance  could  be  easily  determined,  and  thence  the  solar 
parallax.  This  method  is  quite  correct  in  principle,  but  not  easily  put 
into  practice,  by  reason  of  the  difiiculty  of  determining  just  when  the 
Moon  is  actually  at  the  "  first  quarter."  In  this  way,  Wendelin  found  a 
parallax  of  15",  which  was  a  prodigious  advance  on  all  those  who  preceded 
him.  In  A.D.  1672,  Flamsteed,  the  fir.st  Astronomer-Royal  of  England, 
arrived  at  the  next  approximation  of  the  solar  ])arallax.  His  method 
was  that  used  by  Kepler,  viz.,  the  diurnal  parallax  of  Mars.  He  found 
a  parallax  of  ]  0",  which  is  a  closer  approximation  to  the  truth,  and  in 
the  same  year  Jean  Dominic  Cassini,  of  France,  by  the  same  method 
arrived  at  a  still  closer  value,  viz.,  9  ""5.  Subsequently  another  astrono- 
mer, Lahire,  of  France,  found  by  the  same  method  a  parallax  of  only  6", 
the  lowest  value  ever  recognized,  and  quite  too  small. 

Up  to  the  middle  of  the  eighteenth  century  only  three  methods  were 
employed,  and  all  of  them  untrustworthy  and  incapable  of  giving  accurate 
results.  About  the  year  1760,  it  occurred  to  astronomers  that  those  rare 
astronomical  phenomena  kno%vn  as  transits  of  Venus  over  the  Sign's  disc, 
could  be  utilized  for  this  purpose  with  great  advantage,  and  accordingly 
great  efforts  were  made  to  observe  with  the  utmost  accuracy  and  in  the 
most  favourable  positions,  the  transits  of  1761,  1769,  and  the  two  subse- 
quent ones  of  1874  and  1882. 

From  the  first  of  these,  Pingre,  of  France,  and  Short,  of  England, 
deduced  from  different  observations  of  the  phenomenon,  parallaxes  of 
10" -6  and  8"-8  respectively.  The  latter  has  probably  never  been  sur- 
passed in  point  of  accuracy.      It  is  certainly  very  near  the  truth,  but 
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unfortunately  the  results  arrived  at  by  other  astronomers  were  so  dis- 
cordant as  to  cast  distrust  on  all  the  values  thus  obtained.  From  the 
transit  of  17G9,  Euler  obtained  a  parallax  of  8"'8,  which  is  identical  with 
that  of  Short,  but  Hornsby,  Lalande,  Maskelyne  (Astronomer-Royal  of 
England),  Piugre,  Lexell,  Wallot  and  Hell  (the  last  remarkable  for  his 
peculiar  name  and  for  the  notoriety  he  acquired  at  the  time  by  reason 
of  his  supposed  falsification  of  his  observations  at  Wardhoes,  Norway), 
deduced  parallaxes  varying  from  8"-S13  to  8""o3.  From  the  transit  of 
1761,  Encke  obtained  a  parallax  of  8" 'Sol,  and  from  that  of  1769,,  one 
of  8"-5776,  and  from  both  transits  combined,  8"'571.  The  second  value, 
viz.,  8"'o776,  was  generally  received  by  astronomers  until  about  thirty 
years  ago,  when  it  was  discovered  to  be  quite  too  small ;  it  makes  the 
Sun's  mean  distance  about  ninety-five  millions  of  miles. 

The  results  derived  from  the  transits  of  Venus  have  not  hitherto 
proved  as  satisfactory  as  was  at  first  anticipated.  This  is  due  to  several 
causes.  Three  methods  of  observation  are  employed,  viz.  :  1st.  The 
transit  is  observed  from  points  diflfering  widely  in  latitude  so  as  to 
shorten  or  lengthen  the  duration  of  the  transit  as  much  as  possible. 
2nd.  By  observing  from  points  ditfering  very  widely  in  longitude  so  as 
to  accelerate,  or  retard,  as  much  as  possible  the  time  of  internal  or 
external  contact.  In  both  of  these  methods  the  observations  have  to  be 
made  when  the  Sun  has  a  tolerably  low  altitude,  but  this  of  itself  would 
not  present  any  great  difficulty  were  it  not  attended  by  a  far  more 
serious  one,  viz.,  the  "black  drop,"  the  cause  of  which  has  yet  to  be 
explained.  A  short  time  before  apparent  contact  the  limbs  of  Yenus 
und  the  Sun  appear  to  unite  by  a  ligament  or  band,  which  renders  it 
impossible  to  determine  the  exact  time  of  apparent  geometrical  contact. 
3rd.  There  is  also  the  photographic  or  American  method,  which  is  almost 
free  from  these  disadvantages,  but  at  the  same  time  we  are  by  no  means 
certain  that  the  photographs  remain  for  any  length  of  time  unchanged 
under  all  atmospheric  conditions.  For  these  reasons  the  results  obtained 
from  the  transits  of  Venus  are  unsatisfactory,  and  this  method  will  no 
doubt  be  abandoned  in  future. 

In  the  theory  of  the  Moon's  motion  there  occxirs  a  term  whose  co- 
efficient is  the  ratio  of  the  solar  and  lunar  parallaxes,  and  since  the 
latter  is  known  with  great  exactness,  the  former  can  be  found  when  the 
-numerical  value  of  the  coefficient  becomes  known.  Meyer  was  the  first 
to  put  this  method  in  practice,  and  obtained  a  parallax  of  S"'6.  In 
6 
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1804,  the  celebrated  Laplace  coufinned  this  value  by  the  same  method^ 
and  in  the  same  manner.  Burg  found  8"'62  and  Plana  8"-G29.  These 
values  are  all  known  to  be  too  small,  and  the  method  was  for  a  while 
abandoned,  and  that  by  the  diurnal  parallax  of  Mars  again  attempted. 
la  1833  Henderson,  by  comparing  the  observations  on  Mars  made  at 
the  Cape  of  Good  Hoj)e  with  those  made  in  Europe,  found  a  value  of 
9"-028,  and  Taylor,  by  comparing  the  observations  made  at  Madras  with 
those  of  Europe,  obtained  8  ""oDS.  The  United  States  Government  sent 
out  an  astronomical  expedition  to  Chili,  under  the  command  of  Lieu- 
tenant Gilliss,  to  observe  Mars  during  the  opposition  of  1849  and  1850,^ 
and  from  the  observations  there  made  and  those  made  at  Cambridge, 
Mass.,  and  Washington,  D.C,  Lieutenant  Gilliss  and  Dr.  Gould  obtained 
a  parallax  of  8""495,  a  value  confessedly  too  small.  This  was  the  first 
attempt  to  determine  this  important  quantity  by  an  American  astrono- 
mer. Subsequently  Professor  Hall  of  Washington,  employing  the  obser- 
vations made  in  Chili,  Upsala,  Sweden,  and  Washington,  D.C,  deduced 
a  parallax  of  8  "•8415,  and  Ferguson,  another  American  astronomer, 
using  the  observations  made  in  Chili,  Albany,  N.Y.,  Upsala,  Sweden, 
and  Washington,  D.C,  obtained  a  parallax  of  8" "778.  By  comparing 
tlie  observations  of  Mars  made  at  the  Cape  of  Good  Hope  and  William.s- 
town,  Australia,  with  those  at  Greenwich,  Professor  Stone,  of  England, 
derived  a  parallax  of  8''''943,  and  Winnecke,  using  the  observations  made 
at  the  Cape  and  those  at  St.  Petersburg,  Russia,  deduced  8""964,  both 
of  which  are  now  regarded  as  considerably  too  large,  but  at  that  time 
(1863  and  1865)  were  very  generally  accepted,  especially  as  they  were 
ill  accord  with  other  values  deduced  from  theoretical  considei-ations. 
About  this  time,  three  of  the  most  distinguished  mathematicians  of 
modern  times,  LeVerrier,  Hansen,  and  Sir  John  Lubbock,  made  exhaus- 
tive researclies  into  the  parallactic  inequality  of  the  Moon,  with  the 
view  of  deducing  the  solar  parallax.  The  tirst  found  a  value  of  8"'95, 
which  was  for  several  years  adopted  in  The  English  Nautical  Almanac 
and  The  Fi'ench  Coimaissance  des  Temps  ;  the  second  using  two  different 
sets  of  data  obtained  two  diffei'ent  values,  viz.,  8"'97  and  8""9159,  while 
the  last  found  8"'8103,  a  value  at  that  time  discai'ded  but  now  considered 
very  accurate.  Several  other  theoretical  determinations  have  been  made, 
thus  Powalky,  in  1872,  by  emj)loying  the  mass  of  the  Earth  as  indi- 
cated by  the  motion  of  the  node  of  Venus,  compared  with  the  recognized 
mass    of    the    Sun,    obtained   a    value   of  8"'74,   and   in  the  same  yeas 
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LeVerrier,  whose  analytical  conduct  knew  no  bounds,  derived  three 
values,  one  from  the  motion  of  the  j)erihelion  of  Mars,  of  8"'y66  ;  one 
of  8"-853  from  the  motion  of  the  node  of  Venus,  and  one  of  8"-8o9  from 
the  secular  variations  of  Venus,  resulting  from  the  observations  of  106 
years.  In  1867,  three  other  determinations  of  the  parallax  deserve 
notice,  viz..  Professor  E.  J.  Stone,  of  Oxford,  England,  in  revising 
LeVerrier's  value,  deduced  from  the  parallactic  inequality  of  the  Moon's 
motion,  and  correcting  an  error  made  by  the  latter,  derived  8""91,  a 
reduction  of  0"'04  from  LeVerrier's  value.  1^'ofessor  Stone  also  redis- 
cussed  the  Transit  of  Venus  of  1769,  using  more  accurate  data  as 
regards  the  Earth,  and  obtained  8""91,  a  value  identical  with  the  pre- 
ceding, and  Schultze,  employing  the  observations  of  Mars  made  at 
Santiago,  Chili,  and  Upsala,  Sweden,  during  the  favourable  opposition 
of  1862,  derived  8"-87. 

In  1862,  Foucault,  of  Paris,  determined  experimentally  the  velocity 
of  light,  and,  combining  it  with  the  value  of  the  aberration,  found  a 
parallax  of  8"-86.  And  in  1874,  Cornu,  also  of  Paris,  repeated  this  ex- 
periment under  more  favourable  conditions,  and,  combining  his  result 
with  the  aberration  of  Struve,  obtained  8  "•834.  Three  years  afterwards 
he  repeated  the  experiment  under  still  more  favourable  circumstances 
and  deduced  a  parallax  of  8""80  ;  while  in  the  same  year  (1877)  Lindsay 
and  Gill,  by  the  diurnal  parallax  of  the  planet  Juno,  obtained  8"'765  ; 
and  Airy,  from  the  internal  contacts  of  tlie  transit  of  Venus  of  1874, 
found  8"-76  ;  and  Stone,  from  the  external  contacts  of  the  same  transit, 
8'''''88,  while  the  American  observations  gave  8"-836,  all  of  which  results 
are  very  discordant. 

From  the  heliometer  observations  of  the  transit  of  1874,  Dr.  Auwers, 
of  Germany,  obtained  8"'877  ±  0"-043,  and  from  that  of  1882,  he 
deduced  8""879  JU  0""037,  both  of  which  differ  very  considerably  from 
those  derived  by  Airy,  Stone  and  the  American  astronomers. 

Quite  recently,  Professor  Hai-kness,  of  the  Naval  Observatory  at 
Washington,  has  made  an  exhaustive  research  into  the  solar  parallax 
and  all  its  related  constants,  and  has  deduced  a  value  of  8""80905,  with 
a  probable  error  of  only  0"-00567,  from  which  it  follows  that  tlie  mean 
distance  from  the  Earth  to  the  Sun  is  92,796,900  miles,  with  a  probable 
error  either  way  of  only  59,700  miles.  The  eccentricity  of  the  Earth's 
orbit  he  finds  to  be  0-0167710,  and  therefore  we  are  3,112,600  miles 
nearer  the  Sun  on  or  about  the   1st  of  January  than  we  are  on  the  1st 
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July.  Assuming  oui'  tbeory  of  aberration  to  be  true  (about  which 
there  is  some  doubt),  Professor  Harkness  finds  that  light  requires  498 
seconds  to  travel  from  the  Sun  to  the  Earth,  and  therefore  the  velocity 
of  light  is  186,337  miles  per  second. 

Professor  Harkness's  results  and  methods  have  not  been  very  gener- 
ally accepted  by  astronomers.  His  method  of  treating  the  subject  aims 
at  a  consistent  adjustment  of  all  the  so-called  "  related  constants,"  more 
or  less  connected  with  the  solar  parallax,  i-ather  than  at  the  absolute 
determination  of  any  one  of  them  or  of  the  parallax  itself.  Still  it  must 
be  admitted  that  his  value  of  the  parallax  is  a  close  approximation,  to 
say  the  least. 

There  remains,  now,  only  one  method  by  which  we  can  ever  hope  to 
arrive  at  an  accurate  value  of  the  solar  ])arallax,  viz.,  that  of  the  light 
equation,  as  it  is  called,  or  the  method  by  the  velocity  of  light  in  con- 
nection with  the  constant  of  aberration.  To  show  the  relation  that 
exists  between  the  velocity  of  light  and  the  aberration  constant,  let  a 
denote  the  Earth's  mean  distance  from  Sun,  or  the  semi-major  axis  of 
the  elliptic  orbit ;  v  the  true  velocity  of  the  Earth  in  its  orbit  at  any 
time  t ;  (f  the  angle  which  the  Earth's  radius-vector  makes  with  the 
tangent  or  direction  of  motion  ;  T  the  periodic  time  ;  H  the  area  of  the 
whole  ellipse  or  orbit,  and  A  the  area  described  by  the  radius  vector  in 
the  time  t,  we  shall  then  have 

a  (1  e") 

(1)  7-  = ^ —  the  equation  of  the  ellipse, 

^  '  1  -f-  e  cos  w 

and  V)y  the  theory  of  curves 

1  dr  e  sin  w 

(2)  cotan  cp  =  —  •    -,-  = -. by  (1). 

^   '  r         do)        1  +  e  sm  (o 

dm 

(3)  We  also  have  v  =  r  cosec  e 


(4) 


^'  =  "2         dt 


dt 
doj 


(5)  and  II  =  -aVl  —  e' 

By  the  theory  of  elliptic  motion  we  have  also 


dco         II        doj        2  -a2^i  _ 


■?  _  


2     dt         T  dt  r-T 

substituting  in  (3)  we  get  by  the  aid  of  (1) 
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,ci\  ^  ^*~  (1  +  e  cos  w) 

(^) ''  =  vr^' '  — T —  '''''^'  -^ 

the  mean  value  of  which  is 

a  o- 


(7)   V,,= 


\/l  -  e'       T 

Now,  if  c  denote  the  aberration  constant  ^O"^.  .  .  .  and  Y  the  velocity 

of  light  in  miles  per  second,  we  have 

/ON        •     ir.  *  2- 

[b)  c  sui  i    =:   —y  •   rn   J         — ^  ,  wheve  T  is  to  be  expressed  in 

seconds  of  time. 

When  c  and  V  are  known,  a  can  be  found  (8),  and  thence  the  solar 
parallax. 

It  is  now  almost  universally  believed  by  astronomers  that  the  solar 
parallax  lies  between  8*''80  and  8"-81.  This  is  the  result  of  more  than 
twenty-one  centuries  of  observation,  of  research  and  of  toil. 


ELEVENTH  MEETING. 

June  12th  ;  Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the 
chair. 

A  report  of  the  meeting  held  by  representatives  of  various  public 
bodies  to  consider  the  proposal  to  extend  an  invitation  to  the  British 
Association  to  visit  Toronto  in  1897,  was  read  and  heartily  endorsed.  It 
was  confidently  expected  that  arrangements  would  be  satisfactorily  made, 
it  being  upon  all  sides  admitted  that  such  a  visit  would  be  of  marked 
advantage  to  the  Dominion. 

A  report  from  the  Committee  on  the  investigation  of  Earth  Current 
phenomena  was  read,  and  discussed  at  some  length.  Mr.  R.  F.  Stupart 
described  how  the  work  might  be  most  advantageously  carried  on  ;  as 
the  earth  current  generally  or  perhaps  invaiiably  occurs  synchronously 
with  a  disturbance  of  the  magnetic  needles,  it  would  be  quite  possible  to 
give  from  the  Magnetic  Observatory  notification  of  disturbances  to  vari- 
ous observers,  thus  enabling  them  to  take  more  than  ordinary  precautions 
in  noting  the  various  changes.  Mr.  Stupart  agreed  with  the  generally 
received  opinion  that  there  is  a  distinct  connection  between  earth  cur- 
rents, magnetic  storms,  and  the  aurora. 
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The  following  notes  on  the  subject  were  received  from  Mr.  John  A. 
■Copland,  of  the  staff  of  the  Toronto  Globe  : — 

T  had  a  chat  recently  with  Mr.  D.  Urquhart,  the  telegrapher  in  the 
Globe  ofSce,  some  of  whose  remarks  with  reference  to  aurorse  and  earth 
currents  may  be  of  intei-est.  He  says  that  at  times  the  wires  are  tam- 
pered with,  as  though  some  outsider  were  attempting  to  transmit  a  mes- 
sage irrespective  of  the  one  coming  over  the  wires  and  with  an  extra 
battery  seemingly.  This  he  attributes  to  the  presence  of  electricity  in 
the  atmosphei-e,  snch  as  at  the  time  of  an  aurora.  He  narrated  to  me 
several  instances  of  how  the  wires  were  interfered  with.  On  one  occasion 
he  was  taking  a  long  "  rush  "  despatch  from  Ottawa  when  the  dots  and 
dashes  of  the  ticker  became  very  erratic,  often  spelling  no  word  at  all. 
There  would  occur  a  period  when  dots  and  dashes  seemed  as  if  they  were 
being  hurled  at  the  line  promiscuously.  Losing  his  temper,  our  operator 
"  cut  in  "  and  demanded  to  know  what  the  sender  at  Ottawa  meant.  He 
politely  informed  the  operator  down  there  that  nobody  except  a  crazy  or 
a  drunken  man  would  send  in  such  a  fashion.  The  Ottawa  man  wired 
back  that  he  was  sending  all  right.  He  could  not  understand  what  was 
the  matter.  Both  men  looked  for  auroras,  but  none  were  visible  either 
at  Ottawa  or  Toronto.  Shortly  afterward,  however,  the  mystery  was 
solved,  for  there  came  in  despatches  from  intermediate  points  saying 
that  a  brilliant  aurora  was  in  progress.  Mr.  Urquhart  says  that  often 
when  the  wires  are  tin-own  down  by  the  wind  or  otherwise,  even  though 
not  broken,  all  the  messages  run  into  the  ground  as  it  were,  and  at 
intervals  the  instruments  will  rattle  as  if  a  current  from  a  strong  bat- 
tery were  turned  on.  Thunderstorms  interfere  with  the  wires  greatly. 
"When  there  is  a  brilliant  and  fairly  universal  aurora  in  progress,  it  is 
often  possible  to  shut  off  the  batteries  and  send  messages  across  the 
lines  by  the  aid  of  the  electric  current  supplied  by  the  aurora.  This 
current,  howevei',  is  very  uncertain  and  erratic,  at  times  being  moi'e 
than  sufficient  and  again  becoming  extremely  faint,  once  in  a  while  with- 
drawing entirely. 

Mr.  A.  r.  Miller  called  particular  attention  to  the  importance  of 
observing  daylight  aurorfe,  and  described  a  recent  observation  wdien 
li»ht  fleecy  clouds  were  seen  to  form  the  coronal  arch  exactly  as  do 
the  auroral  streamers.  JNIr.  Z.  M.  Collins  described  a  peculiar  physical 
feeling  experienced  during  a  recent  auroral  display. 

Part  of  the  evening  was  taken  up  by  a  very  interesting  discussion  on 
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tlie  solar  spectrum  and  the  revelations  of  the  spectroscope.  A  small 
direct  vision  instrument,  bi'ought  by  Dr.  A.  D.  Watson,  gave  excellent 
definition  of  the  lines  of  lithium,  magnesium  and  sodium  in  the  flame  of 
a  Bunsen  burner,  readily  improvised,  thus  showing  tha,t  elaborate  appa- 
ratus is  not  always  necessary  to  give  a  popular  illustration  of  the  spectral 
lines  of  the  various  elements. 

Mr.  C.  A.  Chant,  B.A.,  and  Mr,  A.  Elvins  discussed  particularly  the 
cause  of  the  dark  lines  in  the  spectrum  of  the  Sun,  the  latter  holding 
that  the  usual  explanation  does  not  go  far  enough  towards  giving  a  clear 
idea  of  what  really  does  take  place.  The  continuous  spectrum  gives  out 
light  of  all  wave  lengths,  the  vapours  of  different  elements  absorb  the  rays 
"which  they  themselves  emit,  and  therefore,  instead  of  a  bright  we  have 
a  dark  image  of  the  slit  imprinted  on  the  spectrum  at  a  particular  wave 
length.  JNIr.  Elvins  thought  the  vibrations  under  these  circumstances 
might  be  doubled  in  frequency,  and  therefore  being  too  rapid  to  affect 
the  eye,  might  be  found  by  the  aid  of  photography  in  the  ultra-violet 
region  of  the  spectrum. 

Mr.  Chant  dissented  from  this  view  as  being  contrary  to  the  mathe- 
matical theory  of  harmonic  wave  motion.  He  reviewed  briefly  the 
writings  of  Tyndall  on  this  subject,  and  held  that  the  energy  apparently 
iost  by  the  extinction  of  light  was  simply  transformed  into  heat. 


TWELFTH   MEETING. 

June  26th  ;  Mr.  A.  Sinclair,  M.A.,  occupied  the  chair. 

jNIr.  S.  J.  Saunders,  B.A.,  of  Clinton,  X.Y.,  was  elected  an  associate 
■member,  and  Mr.  P.  H.  Sims,  of  Toronto,  an  active  member  of  the 
Society. 

At  a  previous  meeting  Mr.  Arthur  Harvey  had  asked  whether  a 
complete  explanation  could  be  given  of  the  fact  that  the  month  of  May 
had  been  unusually  cool  and  rainy,  while  the  Sun  and  Earth  were  in 
"the  same  positions  in  relation  to  each  otlier  as  in  other  years  at  the 
same  time.     To  this  question  Mr.  A.  Elvins  replied  as  follows  : — 

"To  me  this  is  an  important  question.  The  Earth  is  in  the  same 
^rt  of  its  orbit  which  it  occupied  at  the  same  date  on  former  years,  its 
axis  has  the  same  inclination  to  its  orbit  as  previously,  the  Sun  seems  to 
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radiate  the  same  amount  of  heat  on  the  whole  as  it  has  done  in  the  past^ 
and  notwithstanding,  there  is  a  great  change  in  a  single  year. 

"  I  see  no  explanation  excejit  by  supposing  such  weather  changes  to- 
result  from  an  influx  of  meteoric  matter  into  our  atmosphere  from  outer 
space.  1  think  the  chemical  elements  are  formed  from  the  ether,  and 
are  dissociated  and  returned  to  the  ether  again  by  solar  action.  It  is 
said  that  fogs  owe  their  existence  to  dust  particles,  which  act  as  a  nucleus 
around  which  the  moisture  of  the  atmosphere  condenses.  If  so,  an 
influx  of  flne  particles  may  be  a  factor  in  the  development  of  a  rain 
storm.  It  is  also  possible  that  gases  in  large  quantities  enter  the  atmos- 
phere, and  I  do  not  think  it  impossible  that  oxygen  and  hydrogen  may- 
mingle  occasionally  in  the  reqidred  quantities  to  form  an  explosive- 
mixture,  and  by  their  combination  form  water  ;  the  air  may  be  thus 
saturated  from  above,  as  well  as  by  absorption  from  the  water  below. 
It  seems  a  very  wild  thought,  but  I  regard  it  as  even  possible  that  the 
aurora  may  be  caused  by  explosions  due  to  chemical  union  of  H.  and 
O.,  and  even  our  thunderstorms  may  be  the  result  of  the  combination  of 
these  two  gases  on  a  gigantic  scale. 

"  I  may  sum  up  my  reply  by  saying  that  abnormal  weather  is  the  result 
of  the  influx  into  our  atmosphere  of  solid  and  gaseous  matter  from  outer 
space,  and  that  the  Earth  encounters  more  of  such  matter  at  some 
periods  than  at  others,  as  when  we  plunge  into  the  November  meteor 
stream  at  intervals  thirty -three  years  apart." 

Mr.  David  E.  Had  den,  of  Alta,  Iowa,  forwarded  the  following 
account  of  an  erui)tive  prominence  observed  ac  his  station  on  the  evening 
of  June  7th  : — 

About  5.15  p.m.,  having  finished  an  observation  of  the  Sua  for  sun- 
spots  and  faculfB,  I  adjusted  the  spectroscope  to  the  telescope,  and  com- 
mencing at  the  North  limb,  examined  the  circumference  of  the  Suii 
around  by  the  West  and  South  towards  the  East  for  prominences,  with 
the  slit  tangential  to  the  limb.  On  reaching  the  South-east  limb  I  noticed 
an  intensely  brilliant  large  prominence  in  the  C  line,  and  upon  opening 
the  slit  observed  a  group  of  very  bright  "spikes"  and  "flames,"  which 
seemed  to  be  in  violent  disturbance,  as  when  I  attempted  to  make  a 
rough  pencil  sketch  of  it  I  found  it  was  changing  so  rapidly  that  it  was 
im])ossible  to  correctly  delineate  it.  I  opened  the  slit  fully  -^^  of  an 
inch,  which  at  the  focus  of  my  3-inch  teles3ope  would  represent  about 
70,000  miles,  and  I  could  trace  the  height  of  the  prominence  nearly  the 
entire  distance  ;  it  was  also  bright  and  distinct  in  D^  and  F. 
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I  left  the  telescope  now  and  returned  in  about  ten  minutes,  and  was 
astonished  at  the  change  which  had  taken  place.  The  fine  spikes  had 
almost  disappeared,  but  a  few  faint  flames  remaining  and  a  bright  mass 
of  "debris,"  which  rested  partly  on  and  within  the  limb.  With  a  nar- 
row slit  the  C  line  was  noticed  to  be  shifted  much  towards  the  blue, 
indicating  a  rapid  approach  towards  us  in  the  line  of  sight.  At  6  p.m. 
but  little  remained  of  this  great  disturbance  ;  but  turning  my  atten- 
tion farther  in  on  the  disc,  I  found  the  entire  region  from  the  limb 
where  the  prominence  was,  to  the  Western  portion  of  the  group  of  sun- 
spots,  which  was  about  two  days  in,  to  be  in  a  violent  state  of  agitation  ; 
a  prominent  spot  of  facula  was  on  the  South-east  limb,  and  a  faculous  area 
surrounded  the  sun-spots  mentioned  ;  at  numerous  points  in  this  region 
the  C  line  appeared  as  in  the  sketches,  one  or  more  dark  vibrating 
tongues  or  blow-pipe  looking  jets  adhering  to  the  line  directed  towards 
the  red  end  of  the  spectrum ;  these  persisted  even  when  the  slit  was 
gradually  opened,  until  with  a  wide  slit  they  appeared  as  dark  points  in 
the  brighter  opened  space.  Observations  ceased  at  6.10  p.m.  It  would 
be  interesting  to  know  at  what  time  these  paroxysms  first  began  and 
what,  if  any,  effects  were  noted  in  the  Earth's  magnetism. 

Mr.  Lindsay  called  the  attention  of  the  members  to  Professor 
Carnegie's  work  on  Law  and  Theory  in  Chemistry,  and  illustrated  the 
chapter  on  the  Carbon  Atom  by  exhibiting  a  model  to  represent  the 
atom,  at  the  centre  of  a  regular  tetrahedi'on,  as  the  new  theory  supposes 
it  to  be  ;  the  experiments  with  polariz(Kl  lic;ht  upon  diffex'ent  compounds 
were  referred  to  and  the  hope  expressed  that  some  of  these  might  be 
repeated  at  a  future  meeting. 

Mr.  Arthur  Harvey,  who  had  been  requested  to  prepare  a  resume  of 
the  recent  work  of  Professor  Dewar  in  connection  with  the 

LIQUEFACTIOX   OF   GASES, 

read  the  following  notes  : — 

The  method  adopted  is  to  lower  boiling  points  by  exliaustion.  You 
know  the  principle.  It  comes  to  our  notice  practically  in  mining  at  or 
above  the  summer  snow  line  in  the  mountains.  There  are  sevei'al  camps 
in  America  so  high  that  boiling  water  will  not  cook  potatoes  or  other 
vegetables  so  as  to  make  them  palatable.  Carbonic  acid,  which  boils 
under  ordinary  atmospheric  pressure  at  — 112  degrees,  will,  in  a  vacuum 
such  as  the  air-pump  can  be  made  to  give,  boil  at  — 166  degrees.  At 
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this  tem])erature  nitrous-oxide  liquefies,  and,  itself  l)oiled  in  vacuo,  lowers 
the  temperature  and  liquefies  ethyline,  which  in  turn  runs  down  the 
thermometer  to  — 229  degrees.  At  this  point  pressure  is  resorted  to,  and 
the  pressure  of  1,500  lbs.  to  the  inch  (100  atmospheres),  forces  oxygen 
into  a  liquid  state.  The  evaporation  of  liquid  oxygen,  also  in  vacuo, 
liquefies,  under  pi-essure,  air  and  nitrogen,  while  these  again,  w^orked 
upon  in  double  receivers  by  powerful  air-pumps,  will  produce  solid 
nitrogen.  This  was  first  shown  in  January  of  this  year  1894.  Liquid 
oxygen  is  900  times  less  in  volume  than  the  gas  at  ordinary  tempera- 
tures— blue  in  colour,  because  it  stops  many  red,  yellow  and  orange  rays. 
That  is  apparently  why  the  sky  is  blue.  Like  the  gas  it  is  magnetic, 
sj)rings  from  a  cup  of  rock-salt  to  the  poles  of  an  electro-magnet  when 
the  circuit  is  turned  on,  and  stays  there  pending  its  rapid,  evaporation. 
jSTitrogen  seems  to  be  an  inert  body,  with  no  striking  qualities,  good  to 
be  a  diluter  or  absorbent  of  the  more  energetic  oxygen.  Hydrogen 
remains  now  the  only  body  unsubdued  by  cold  and  pressure,  so  a 
hydrogen  thermometer  is  used  to  indicate  these  extremely  low  tempera- 
tures. If  hydrogen  be,  as  Faraday  thought,  a  metal,  water  is  a  metallic 
oxide,  and  it  is  remarkable  how  easily  this  oxide  liquefies,  while  oxygen 
only  becomes  fluid  under  the  severest  compulsion,  and  hydrogen  resists 
it  with  success. 

Gases  contract  t^tj  for  each  degree  of  temperature.  What  is  to  hap- 
pen when  a  temperature  of  -  460  degrees  is  reached  ]  At  present  it  seems 
below  the  limit  of  possibility.  All  gases  will  liquefy  and  solidify  before 
this  is  obtained,  so  the  method  of  successive  reductions  above  described 
must  fail  to  achieve  such  a  minimum.  But  if  this  absolute  zero  is  reached, 
will  matter  vanish  through  the  total  deprivation  of  heat  ?  Heat  is  the 
life  of  matter  :  the  more  heat  the  more  energetic  the  molecules.  Metals 
become  stiffer  and  tougher  iinder  cold — remarkably  so  at  Professor 
Dewar's  low  temperatures — become  better  conductors  of  electrical  cur- 
rents ;  but  chemical  affinity  is  diminished  so  that  alloys  do  not  behave 
in  the  same  way  as  pure  metals,  while  carbon  and  some  other  substances 
act  quite  differently.  We  know  from  the  everyday  experience  of  the 
incandescent  electric  light  that  heat  increases  the  conductivity  of  car- 
bon, while  it  reduces  that  of  metals — a  corollary  of  which  property  of 
the  latter  it  seems  to  be  that  iron  at  1,400  degrees  is  not  magnetic  at 
all ;  nickel  at  340  degrees  is  also  inert  to  the  strongest  magnets.  If  the 
Sun  is  a  magnetic  centre  at   all,   it  is  not  because  of  its  iron  or  othei- 
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taetals,  and  this  consideration  leads  me  to  doubt  if  the  aurora  has  any 
connection  with  the  spots  on  the  Suu,  either  as  they  pass  the  centre  or 
appear  on  his  Eastern  limb,  or  with  their  maximum  or  minimum 
frequency. 

What  is  the  cold  of  space  ?  We  approximate  to  it  in  these  experi- 
ments. Is  it  permissible  to  think  that  this  cold — e\'eu  without  pressure 
— would  liquefy  and  .solidify  gases  and  so  facilitate  the  condensation  of 
dispersed  matter  into  suns  and  planets,  and  forbid  the  existence  of  a  gas 
in  space  ivhich  tvould  retard  the  motions  of  these  orbs  ?  Will  cold, 
rather  than  gravity,  thus  fix  a  limit  to  the  atmospheres,  permitting  no 
gas  to  exist  outside  the  calorific  influence  of  the  bodies  which  are  still  hot 
from  condensation  1  Has  the  air  there  was  ujjon  the  Moon  settled  down 
to  be  a  transparent  sheet  of  ice  over  her  surface,  fixing  her  features  in  an 
almost  eternal  setting  as  hard  as  adamant  ?  One  more  singular  point. 
Molecular  convection  of  heat  ceases  as  the  molecules  die  of  cold,  but  energy 
still  passes  through  the  frozen  mass.  A  burning-glass  which  concen- 
trates heat  and  light  can  be  made  with  a  siiherical  vessel  full  of  liquid 
oxygen.  Radiant  or  ethereal  heat  and  light  encounter  no  resistance 
on  account  of  extreme  cold,  when  molecular  heat  can  scarcely  creep  from 
particle  to  particle. 

Cold  affects  colours.  Sulphur  (at  — 314  degrees)  turns  white,  ver- 
milion fades  to  orange,  iodine  in  alcohol  loses  its  violet,  my  authority 
states,  but  as  alcohol  freezes  at  — 202  degrees,  the  phenomenon  must  be 
^een  in  the  solid. 

Is  the  Earth  homogeneous?  When  it  was  intensely  hot,  too  hot  to 
liold  any  but  elementary  forms  of  matter,  a  time  came  wdien  it  was 
-cooled  as  to  its  gaseous  envelope,  and  oxygen,  if  not  hydrogen,  combined 
with  its  materials  to  a  certain  depth.  The  outer  shell  thus  is  alone 
composed  of  oxides  or  rusts,  for  such  we  may  call  all  the  rocks  and 
other  substances  that  contain  oxygen.  A  time  may  come  when  the 
aqueous  vapour  and  carbonic  acid  of  the  air  will  come  down  as  snow, 
just  as  oxygen  and  hydrogen  at  a  given  stage  form  water,  just  as  car- 
bonic acid  and  calcium  have  formed  the  limestones — and,  after  that, 
the  interstellar  cold  will  be  free  to  act,  and  the  residual  oxygen  and 
nitrogen  will  form  an  ice  case  of  eleven  or  twelve  yards  in  thickness. 
When,  in  due  course,  something  like  this  happens  even  to  the  Sun,  and 
absolute  zero  is  reached,  will  matter  be  loosened  from  its  affinities  and 
•disperse?  If  so,  there  must  be  fewer  dark  stars  than  Sir  Robert  Ball 
thinks  possible. 
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THIRTEENTH    MEETING. 

July  10th;  John  A.  Paterson,  M.A.,  Vice-President,  in  the  chair. 

The  Librarian  presented  a  copy  of  the  report  of  the  Sun  Section 
of  The  British  Astronomical  Association,  and  drew  the  attention  of  the 
members  to  the  minute  record  of  the  appearance  of  the  solar  disc  which 
the  volume  contained.  It  had  been  noted  with  special  intei'est  that 
drawings  of  some  sun-spot  groups  had  been  made  by  Mr.  Elvins  on  days 
when  English  observers  had  been  similarly  engaged  ;  laid  side  by  side 
the  drawings  appeared  almost  exactly  alike.  Mr.  A.  F.  Miller,  report- 
ing some  observations,  stated  that  he  had  been  able  to  see  the  two  distant 
companions  to  Alpha  Herculis  in  his  four-inch  telescope,  and  wished 
other  observers  to  note  whether  they  could  be  seen  with  the  same 
aperture,  as  they  are  given  in  star  lists  usually  as  objects  within  the 
power  of  not  less  than  a  six-inch  objective. 

Mr.  G.  G.  Pvirsey  ])resented  drawings  of  sun-spot  groups  made  during 
the  previous  month,  and  having  noted  that  he  had  never  seen  faculfe 
unconnected  with  sun-spots,  desired  observers  of  the  Sun  to  make 
special  note  as  to  whether  the  former  are  ever  seen  alone. 

A  monograph  by  Rev.  T.  E.  Espin,  M.A.,  in  the  series  of  publica- 
tions of  the  Wolsingham  Observatory,  was  I'ead.  The  paper  dealt  with 
the  distribution  of  stars  in  space,  according  to  their  types  of  spectra. 

A  part  of  the  evening  was  spent  in  replying  to  some  queries  which 
had  been  made  by  some  of  the  younger  members  of  the  Society.  Mr. 
Arthur  Harvey  took  up  the  subject  of  optics  in  so  far  as  it  related  ta 
the  construction  of  the  telescope  and  microscope.  Mr.  A.  F.  Miller 
reviewed  the  method  of  determining  the  wave-lengths  of  rays  of  light, 
and  the  rapidity  of  vibration.  Mr.  Thomas  Lindsay  discussed  the 
problem  of  determining  the  masses  of  binary  systems,  known  to  be  such 
by  the  evidence  of  the  sjiectroscope  only. 
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FOURTEENTH  MEETING. 

July  24th  ;  Rev.  0.  H.  Shortt,  M.A.,  in  the  chair. 

Rev.  A.  U.  DePencier  and  Mr.  W.  A.  Campbell,  both  of  Toronto, 
were  elected  active  members.  On  the  subject  of  Earth  Current  observa- 
tions, a  letter  was  read  from  Mr.  Otto  J.  Klotz,  who  wrote  from  Fort 
Wrangell,  Alaska.  Mr.  Arthur  Cottam,  F.R.A.S.,  London,  forwarded 
some  sheets  of  star  maps,  showing  the  general  style  of  his  admirable 
"Star  Atlas."  These  were  much  admired,  especially  for  the  large 
amount  of  detail  shown. 

Rev.  D.  J.  Caswell,  Ph.B.,  President  of  The  Meaford  Astronomical 
Society,  wrote  an  interesting  account  of  the  formation  of  that  Associa- 
tion, which,  it  was  gratifying  to  learn,  held  regular  meetings  for  the 
purpose  of  hearing  lectures,  etc.,  on  scientific  subjects. 

Mr.  Caswell  reported  also  an  interesting  observation  as  follows  : — 

In  conversation  with  two  young  ladies  who  have  attended  our 
meetings  as  visitors,  and  who  knew  I  would  be  interested,  I  learned 
that  they  had  observed  in  daylight  a  large  meteor.  As  I  had  read  in 
the  Toronto  Mail  that  a  meteor  had  been  observed  at  the  Island  and 
at  Kew  Beach,  the  day  and  hour  being  given,  I  asked  the  young  ladies 
to  try  to  recall  the  circumstances  of  what  the}^  had  observed.  I  learned 
that  it  was  seen  by  them  on  Tuesday,  3rd  July,  about  seven  o'clock  in 
the  evening,  and  was  due  south.  They  remembered  the  circumstances, 
as  they  were  going  to  play  tennis  at  that  hour,  and  they  joked  about 
it,  saying  that  it  "must  be  one  of  the  rockets  coming  down."  A 
display  of  fireworks  had  been  given  the  previous  evening  in  celebration 
of  Dominion  Day.  I  have  no  doubt  their  description  was  perfectly 
correct  and  it  corresponds  with  that  reported  in  the  Mail  of  July  5th 
and  6  th. 

Mr.  R.  F.  Stupart,  acting-director  of  the  Magnetic  Observatory, 
Toronto,  then  read  the  following  paper  on 

THE  DEVELOPMENT  AND  PROGRESS  OF  AREAS  OF  DEPRESSION. 

The  phenomena  of  weather  changes  and  of  storms  have  in  all  ages 
and  in  all  civilized  countries  attracted  the  attention  of  intelligent  and 
thinking  men.  The  importance  of  a  knowledge  of  the  laws  which 
sovern  and  regulate,   not  onlv  those  more   destructive  motions  of  the 
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atmospliei-e  wliicli  so  often  interfere  witli  those  engaged  in  maritime 
pursuits,  but  also  of  the  more  ordinary  conditions  which  produce  rain 
and  changes  of  temperature,  increases  in  pro])ortion  to  the  increase  of 
agriculture,  commerce  and  navigation.  If  we  glance  at  the  long  list  of 
disasters  which  year  after  year  have  occurred  on  our  own  great  lakes 
alone,  we  shall  see  that  a  knowledge  of  the  nature  of  and  the  laws  which 
govern  the  phenomena  is  of  more  than  scientific  interest,  for  it  enables 
us  in  the  majority  of  instances  to  warn  the  mariner  of  coming  bad 
weather,  while  for  the  benefit  of  agriculture,  the  farmer  may  be  advised 
to  house  his  fresh  cut  crojjs  in  order  to  escape  damage  from  an 
approaching  rain  storm.  A  knowledge  of  the  approach  of  great  changes 
in  temperature  during  winter  may  be  of  great  value  to  those  engaged  in 
trade,  as  the  safe  shipment  of  peri.shahle  fruits,  etc.,  may  often  be  expe- 
dited and  secured  by  such  information  as  can  even  now  be  given  by  the 
various  meteorological  services  of  the  world. 

In  this  paper  I  shall  discuss  more  especially  the  development  and 
progress  Eastward  of  areas  of  depression  in  the  middle  latitudes,  and  the 
relationship  that  the  mean  track  of  areas  of  depression  bears  to  variations 
in  the  character  of  seasons. 

The  general  and  special  causes  which  lead  to  the  formation  of 
atmospheric  disturbance  may  be  found  in  the  ever-changing  position  of 
the  Sun  relatively  to  our  globe,  and  from  the  inequalities  in  the  surface 
of  the  latter  which  produce  difierences  of  temperature  and  moisture 
between  places  not  far  distant  from  each  other. 

In  the  opinion  of  most  modern  meteorologists  the  position  and 
movements  of  all  other  celestial  bodies  may  be  ignored  and  expunged 
in  the  sti;dy  of  meteorology,  as  their  united  influence  is  probably  but  as 
a  drop  in  the  ocean  compared  with  that  exerted  by  the  Sun. 

That  there  is  a  periodicity  in  the  recurrence  of  great  storms  and  of 
similar  types  of  seasons  is  a  thing  that  has  certainly  never  yet  been 
clearly  proved,  yet  the  subject  is  one  well  worthy  of  study,  and  may  one 
day  lead  to  great  discoveries. 

For  my  own  part,  and  I  think  I  speak  in  unison  with  other  pro- 
fessional meteorologists,  both  scientific  and  practical,  I  must  confess  my 
inability  to  forecast  the  weather  for  extended  periods,  and  only  for  short 
terms  with  the  assistance  of  charts  of  synchronous  observations  of  the 
state  of  the  weather  over  a  large  area  of  country. 

Most  of  you  are,  doubtless,  aware  that  the  intense  heating  uj)  of 
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land  and  sea  near  the  equator  causes  an  updraught  of  air,  which, 
ascending  into  the  upper  regions  of  the  atmosphere,  then  flows  away 
towards  higher  latitudes.  Just  North  of  tlie  tropics  we  tind  a  belt  of 
higli  pressure  outward,  from  which  on  the  Soutliern  side  the  trade  winds 
blow  towards  the  equator,  while  on  the  Northern  side  there  is  a  general 
drift  of  the  atmosphere  from  the  W.S.W.  over  the  middle  latitudes. 
The  position  of  this  belt  of  high  pressure  alters  considerably  as  the  Sun 
changes  in  declination,  and  hence  the  mean  limits  of  the  drift  must  also 
vary  with  the  season,  besides,  also,  according  to  whether  it  is  ovei"  land  or 
ocean.  It  is  obvious  that,  having  this  general  flow  of  air  from  the  S.W. 
over  the  middle  latitudes,  there  must  be  return  currents,  and  we  find  a 
large  proportion  of  these  in  the  anti-cyclones,  which  over  America 
generally  move  South-eastward.  The  formation  of  these  anti-cyclones  in 
winter  occurs  principally  over  the  more  Noitherly  portions  of  the  Con- 
tinent, where  the  air,  being  intensely  cooled  by  i-adiation,  becomes  dense 
and  heavy  and  contracts,  and  in  consequence  there  is  a  continual  ten- 
dency of  the  air  in  the  upper  regions  of  the  atmosphere  over  the  com- 
paratively warm  oceans  to  flow  towards  the  Continents  ;  it  is  probably 
not  wrong  to  surmise  that  the  almost  permanent  high  pressure  over 
Asia  during  the  winter  months  draws  its  supply  from  the  Atlantic,  and 
that  the  Pacific  supplies  America. 

The  mean  liniits  of  the  South-west  drift  at  the  surface  of  the  Earth 
may  practically  be  identified  with  the  mean  track  of  a  vast  and  jtersistent 
system  of  areas  of  low  pressure  or  cyclones,  which  can  be  traced  pretty 
well  round  the  globe,  from  the  coast  of  China  to  the  North  of  Siberia, 
and  which  varies  more  or  less  in  position  from  season  to  season,  and  in 
different  years.  In  these  cyclones  the  warm  air  of  the  South-west  drift 
jtscends  to  the  upper  regions,  and  either  returns  to  the  South-west  as  an 
upper  counter  current,  or  goes  to  sujiply  anti-cyclones  over  the  Northern 
Continents  ;  as  the  storms  move  on  in  the  general  flow,  ordinarily  a  cold 
Northerly  current,  moving  South  in  the  form  of  anti-cyclones,  closes  in 
behind  them  and  finally  becomes  merged  and  blended  with  the  sub- 
tropical belt  of  high  pressure. 

Now,  as  regards  these  cyclones,  what  are  they  ? 

From  the  study  of  weather  charts  we  can  form  some  ideas  as  to  the 
conditions  most  favourable  to  their  development.  It  is  very  easy  to  see 
how  a  slight  area  of  depression  may  l)e  formed  during  the  day  over  an 
island  or  over  a  portion  of   the    country  more  susceptible   to   receiving 
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solar  heat  tlian  that  surrounding  it,  but  why  in  some  cases  a  small 
depression,  having  been  formed,  should  continue  to  develop  until  the 
barometer  falls  an  inch  or  more  below  the  normal,  is  a  more  complex 
study.  It  is  a  matter  of  fact  that,  during  the  first  stages  of  the  formss- 
tion  of  a  storm  centre,  abnormal  pressure  and  temperature  will  be  found 
to  prevail  at  varying  distances  from  the  district  where  the  depression 
first  appears  ;  there  is  generally  an  area  of  high  pressure,  accompanied 
bv  abnormally  low  temperature  to  the  West  and  North  of  it,  while  East 
and  South  of  it  is  another  high  area  atterjded  by  much  higher  tempera- 
ture. Such  a  distribution  of  pressure  naturally  causes  an  inflowing 
of  the  air  on  all  sides  towards  the  region  of  lesser  pressure ;  these 
currents  as  they  move  are  deflected  to  the  right,  owing  to  the  rotation 
of  the  Earth,  and  thus  approach  the  centre  spirally  ;  they  will  also  have 
a  tendency  to  rise,  owing  to  becoming  lighter  through  expansion  ;  this 
rising  up  causes  still  further  expansion  and  dynamic  cooling,  which  in 
turn  causes  condensation  of  a  portion  of  their  moisture,  forming  clouds 
and  subsequently  rain,  the  heat  thereby  liberated  tending  to  retard  the 
cooling,  which  goes  on  at  a  slower  rate  than  Avere  no  moisture  condensed. 

It  is  obvious  that  the  upward  movement  of  the  air  produced  by  this 
sequence  of  events  will  take  place  to  the  greatest  extent  in  the  direction 
from  which  come  the  warmest  and  moistest  winds,  while  on  the  opposite 
side  the  colder  and  drier  winds  will  tend  to  cause  a  recovery  of  pressure. 

Excessive  rainfall  generally  accompanies  the  rapid  development  of  a 
storm  centre.  In  America  the  rain  area  frequently  extends  from  500 
to  600  miles  in  advance  of  the  actual  centre,  being  heaviest,  however, 
in  its  immediate  neighbourhood. 

Temperature  is  evidently  also  an  important  factor  in  the  develop- 
ment, as  we  find  in  practice  that  depressions  do  not  usually  develop 
unless  there  is  a  good  deal  of  ditt'erence  between  the  temperature  in 
advance  and  in  the  rear  of  them. 

Now,  the  development  of  a  depression  clearly  shows  that  the  upward 
movement  near  the  centre  is  in  excess  of  the  horizontal  inflow  towards 
it,  for  notwithstanding  the  enoi-mous  quantity  of  air  brought  towards 
the  centre  by  the  inblowing  winds,  the  barometer  continues  falling. 
The  updraught  must,  on  reaching  the  upper  limits  of  the  storm-whirl, 
spread  out  laterally,  and  probably  tends  to  reinforce  the  high  pressure 
areas  on  all  sides,  but  during  continued  development  (at  all  events  in 
the  middle  latitudes),  it  seems  to  help  that  in  the  rear  to  the  greatest 
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extent,  as  this  more  especially  frequently  follows  the  storm  for  some 
•days  without  showing  signs  of  dispersion,  notwithstanding  outblowing 
West  and  North  gales  at  the  surface  of  the  Earth.  We  see  then,  that, 
a  depression  having  been  formed,  the  tendency  is  for  the  pressure  to  give 
way,  most  readily  in  the  direction  of  most  fully  saturated  air,  and  we 
find  in  practice  that  it  is  in  such  a  direction,  viz..  East,  that  storms 
generally  move  over  Canada  and  the  United  States. 

The  majority  of  American  storms  have  their  birth  on  the  East  side 
of  the  Rocky  Mountains;  some,  however,  come  from  the  Pacific,  and  a 
fair  percentage  first  become  visible  over  the  Gulf  of  Mexico.  Leaving 
the  storms  bred  within  the  tropics  out  of  the  question,  we  find  that 
nearly  all  move  in  an  Easterly  direction  ;  those  which  form  over  the 
North-western  States  and  Territories  generally  pass  over  the  Lake 
Region  and  thence  to  the  Gulf  of  St.  Lawrence  and  Newfoundland  ; 
those  which  form  over  the  South-west  States  move  to  the  Lake  Region 
and  then  spread  out  over  Northern  Canada  ;  those  which  first  appear 
over  the  Gulf  of  Mexico  usually  move  to  the  middle  Atlantic  States, 
and  thence  either  over,  or  to  the  South  of,  the  Maritime  Provinces. 

The  direction  and  rate  of  travel  of  these  storms  has  for  many  years 
been  carefully  registered,  and  it  has  been  found  that  the  average  rate  of 
movement  over  this  Continent  is  about  twenty-nine  miles  an  hour — in 
winter  it  is  thirty-five,  and  in  summer  twenty-three  miles.  The  average 
rate  of  travel  of  depressions  across  the  Atlantic  Ocean  is  less  than  over 
this  Continent,  and  the  rate  over  Europe  is  less  than  over  the  sea.  The 
late  Professor  Loom  is  gave  28-2  as  the  average  yearly  rate  over  America, 
18-0  over  the  Atlantic,  and  16-7  over  Europe. 

It  might  appear  at  first  sight,  after  studying  the  movement  of  areas 
of  depi'ession  across  America,  that  moisture  is  the  chief  thing  that 
governs  their  course,  but  I  think,  on  considering  the  fact  that  their 
average  course  is  still  Easterly  over  the  Atlantic  and  Europe,  we  may 
conclude  that  moisture  in  itself  cannot  be  the  prime  cause,  although  it 
probably  materially  assists  to  modify  or  intensify  some  other  influence 
or  influences. 

About  the  oldest  theory  on  the  subject  is  that  storms  follow  the 
general  drift  of  the  atmosphere,  much  as  eddies  move  with  the  current 
in  a  river.  Within  the  tropics  they  move  in  a  direction  a  little  North 
of  West,  which  direction  does  not,  however,  altogether  tally  with  the 
general  flow  of  the  atmosphere,  but  the  agreement  is  so  close  that  we 
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may  well  consider  whether  the  direction  of  movement  is  not  primarily 
caused  by  the  general  flow,  and  modified  by  other  influences. 

We  may  then  regard  the  regular  system  of  atmospheric  circulatioi> 
as  the  primai-y  cause  of  the  Eastward  progress  of  areas  of  depression  in 
the  middle  latitudes.  I  have  already  shown  that  moisture  must  influence 
the  dii'ection  of  movement  of  areas  of  depression,  and  I  think  the  figures 
shewing  rate  of  travel  over  America,  the  sea  and  Europe,  warrant  the 
conclusion  that  it  assists  or  retards  the  rate,  according  to  position. 
Over  the  Continent  the  greatest  moisture  is  generally  to  the  Eastward 
of  depressions,  hence  the  progress  of  development  works  with  the 
general  drift,  thereby  causing  a  faster  movement  than  would  be  produced 
by  the  drift  alone.  Over  the  Atlantic,  where  the  air  is  on  all  sides 
comparatively  moist,  the  influence  of  moisture  as  a  factor  in  producing 
an  Easterly  movement  will  be  materially  lessened,  and  a  slower  average 
rate  of  motion  is  the  result.  Then  again  as  depressions  approach  and 
move  over  Europe,  the  region  of  greatest  moisture  relatively  to  their 
centres  is  shifted  from  the  Eastward  to  the  South  and  West,  and  instead, 
of  being  a  factor  assisting  the  Easterly  progi'ess,  it  becomes  rather  than 
otherwise  a  retarding  influence. 

Having  now  considered  briefly  the  general  wind  circulation  of  this 
Hemisphere,  and  the  formation  of  cyclones  like  eddies  in  a  flowing  sti'eam, 
1  will  now  endeavour  to  explain  how  the  weather  of  a  district  is  aflected 
very  diflferently,  according  to  whether  a  storm  centre  passes  to  the 
South  or  North  of  it.  Take  the  example  of  a  storm  centred  over  Lake 
Michigan  :  if  it  moves  North-east  and  passes  far  North  of  Northern 
Ontario,  in  Toronto  we  at  first  get  Easterly  winds  and  a  moderate  rain 
of  short  duration,  followed  by  South-west  and  West  wdnds,  and  warm, 
clearing  weather ;  but  let  this  same  centre  move  South-eastward  and 
})ass  to  the  South  of  the  lakes,  we  in  Toronto  experience  Easterly  backing 
to  North-east  and  North  winds,  and  a  cold  jtrotracted  rain  storm.  Con- 
sider the  weather  of  our  Canadian  North-West.  Alberta  has  a  very 
changeable  climate,  in  winter  intense  cold  giving  place  to  balmy  breezes 
in  a  short  interval.  What  is  the  relationship  between  these  changes 
and  the  storm  tracks  ■? 

During  the  winter  months,  as  I  have  stated,  the  normal  atmospheric 
pressure  conditions  are  anti-cyclonic  over  the  intei-ior  of  the  Continent, 
while  over  the  North  Atlantic  and  North  Pacific  there  is  tolerably  per- 
sistent low   pressure.      This   distribution  of    pressure  gives    prevailing 
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North-westerly  and  Westerly  winds  over  Canada  from  Manitoba  to  the 
Gulf  of  St.  Lawrence  ;  along  the  Eastern  .slope  of  the  Rocky  Mountains 
they  are  generally  Northerly ;  but  as  we  cross  to  the  Pacific  Coast  the 
barometric  gradient  alters  its  direction  in  a  way  to  produce  a  prevalence 
of  Easterly  to  Southerly  winds  near  the  British  Columbia  coast,  and  as 
we  go  still  further  West,  we  find  in  cro.ssing  the  Pacific,  South  of  latitude 
50  degrees,  a  prevalence  of  South-westerly  winds  blowing  from  a  sub- 
tropical belt  of  high  pressure  towards  the  low  to  the  Northward. 

Now,  the  normal  low  pressure  area  over  the  North  Pacific  is  a  region 
frequently  traversed  by  barometric  depression  or  storm  centre.'^,  many  of 
which  move  to  the  coast  of  California  or  British  Columbia  and  thence 
force  their  way  into  the  continent,  temporarily  displacing  the  high  pres- 
sure there  prevalent.  It  is  when  one  of  these  areas  of  depression  is 
forcing  its  way  inland  over  Northern  British  Columbia  that  the  winter 
chinook  is  felt  in  Alberta.  Tlien  is  Alberta  within  the  South-west  baro- 
metric gradient  in  connection  with  the  storm  centre,  and  Southerly  to 
Westerly  winds  are  blowing  over  British  Columbia.  These  winds  blow- 
ing off  the  sea  are  moist ;  they  ascend  the  mountain  slo[)es  and  are 
gradually  deprived  of  their  moisture,  rain  or  snow  falling  on  the  moun- 
tain sides  ;  this  condensation  of  moisture  sets  free  latent  heat,  which 
retards  the  dynamic  cooling,  due  to  diminished  pressure  ;  and  afterwards, 
as  the  dry  air  descends  the  Eastern  slojjes,  it  dynamically  regains  heat, 
and  the  lesult  is  a  mild,  dry  wind  over  the  Alberta  prairies. 

It  will  easily  be  understood  from  this  that  the  character  of  the  sea- 
sons in  the  far  We.st  must  depend  greatly  on  the  track  that  storm 
centres  take  in  passing  into  the  Continent  from  the  ocean  ;  in  some  sea- 
sons the  majority  of  them  pass  over  Northern  British  Columbia,  and 
then  is  there  a  marked  persistence  of  the  mild  South-westerly  winds  in 
Alberta  ;  in  other  years  the  majority  pass  into  the  Continent  further 
South,  perhaps  only  a  few  moving  North  of  the  latitude  of  Calgary,  then 
is  Alberta  favoured  with  but  a  small  quantity  of  balmy  breezes. 

When  a  storm  centre  passes  over  Washington  or  Oregon  States  and 
thence  perhaps  Ea.st  or  South-east,  Alberta  and  the  Territories,  in  lieu  of 
the  mild  South-wester,  experience  bitter  North  and  North-east  winds, 
and  perhaps  a  snowfall,  and  at  times  even  Vancouver  Island  itself  is  sub- 
jected to  a  Northerly  gale  with  snow. 

Yet  another  example.  The  average  ti'ack  of  depressions  lies  to  the 
North  of  the  British   Isles ;  the   result   is  a  preponderance  of  South- 
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westerly  winds  ;  but  in  some  exceptional  seasons — 1881  is  an  example — 
the  majority  of  storms  pass  into  the  Bay  of  Biscay ;  the  result  is  North- 
easterly winds  in  England,  and  unusually  bad  weather  in  Western 
Europe. 

I  am  convinced  that  on  the  position  of  the  mean  tracks  of  barometric 
depressions,  and  on  their  persistency  and  rate  of  movement,  depends 
very  greatly  the  character  of  seasons ;  again,  I  think  it  not  improbable 
that  the  position  of  the  mean  track  of  depressions,  and  their  rate  of 
movement,  may  depend  very  largely  on  the  energy  of  the  South-westerly 
drift  over  the  middle  latitudes.  A  question,  then,  to  be  considered  is, 
what  causes  m^st  probably  lead  to  a  difference  in  the  character  of  this 
drift  in  corresponding  seasons  of  different  years. 

It  seems  not  improbable  that  a  changing  amount  of  heat  received 
from  the  Sun,  owing  to  solar  disturbance,  nvAy  be  the  secret  agency  we 
are  in  search  of,  as  an  overplus  or  deficiency  of  heat  must  have  an  effect 
on  the  atmospheric  currents,  especially  as  the  Equator  may  well  be 
regarded  as  the  initial  point  from  which  the  general  circulation  begins. 
Scientists  have  clearly  demonstrated  a  connection  between  the  mag- 
netic declination  and  sun-spot  periods,  and  several  well-known  men, 
notably  Mr.  Elvins,  Professor  Smyth  and  Mr.  Meldrum,  have  done 
some  splendid  work,  and  shown  almost  conclusively  a  connection  between 
the  sun-spots  and  rain-fall.  Certainly,  if  the  mean  track  of  storms  is  in 
any  degree  effected  by  the  spots,  then  so  must  be  the  rain-fall  ;  and  it  is 
more  than  possible  that  the  failure  to  study  the  rain-fall  in  connection 
with  storm  tracks  may  have  caused  the  agreement  between  maximum 
rain-fall  and  maximum  and  minimum  sun-spot  periods  to  appear  less 
evident. 

There  is  another  aspect  of  the  question  of  the  connection  between 
sun-spot  periods  and  storm  tracks  that  may  prove  interesting  and  worthy 
of  studv.  We  know  that  the  mean  track  of  storms  varies  in  the  corres- 
ponding season  of  different  years,  and  have  endeavoured  to  show  that 
on  its  position  nnist  greatly  depend  the  character  of  seasons.  Is  there 
nothing  in  the  fact  that  the  s[)ots  or  solar  storms  at  maximum  periods 
are  almost  invariably  found  between  the  pai'allels  of  8  and  15  solar  lati- 
tude, and  that  just  before  its  minimum  they  begin  to  appear  in  higher 
latitudes,  and  that  after  the  minimum  has  passed  there  is  often  an 
outbreak  of  spots  far  from  the  equator  1 
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FIFTEENTH  MEETING. 

August  7th  ;  Mr.  E.  A.  Meredith,  LL.D.,  in  the  chair. 
It  was  moved  by  Mr.   Arthur   Harvey,  seconded  by  ^Iv.  A.  Elvins, 
That  the  Corresponding  Secretary  be  requested  to  coninmnicate  with  the 
Secretary  of  the  Royal  Society  of   Canada  with  a  view  to  the  affiliation 
of  this  Society  with  that  body.     Carried. 

A  letter  from  the  Governor-Generars  Secretary  was  read,  and  also 
copies  of  letters  from  the  Secretary  of  State  for  the  Colonies,  and  from 
the  Secretary  of  the  Admiralty,  to  the  effect  that  the  discussion  of  the 
subject  of  change  in  astronomical  time  reckoning  would  shortly  be  taken 
up,  at  a  meeting  of  the  Admiralty. 

The  Librarian  reported  the  receipt  of  a  collection  of  {)ul)licatioiis  of 
the  Royal  Society  of  Belgium,  from  Dr.  Francois  Terby,  to  whom  the 
thanks  of  the  Society  were  due. 

Mr.  Harvey  and  Mr.  Elvins  presented  dra\vings  of  Mars  taken  at 
the  telescope.  These  agreed  very  closely.  Mi-.  A.  F.  Miller  reported 
having  observed  a  disturbance  on  the  Sun  in  the  neighbourhood  of  a  spot 
on  August  5th.  An  uprush  of  hydrogen  was  indicated  ;  this  particular 
phenomenon  in  such  a  region  of  the  Sun's  surface  iMr.  Miller  had  not 
observed  on  any  former  occasion.  Discussing  the  sjDectrum  of  Mars, 
Mr.  I^Iiller  stated  that  it  is  wanting  in  the  violet  end  ;  he  suggested  very 
careful  spectroscopic  observations  of  different  regions  of  the  surface  of 
Mars  as  an  aid  to  our  learning  more  of  the  atmosphere  of  the  planet. 
Mr.  Arthur  Harvey  then  read  a  paper  on 

THE  SOUTH  rOLAR  KEGIOXS  OF  THE  EARTH  AND  MAES, 

of  which  the  following  is  a  synopsis  :  — 

The  view  we  now  have  of  the  Southern  polar  regions  of  Mars  leads 
us  to  enquire  if  we  cannot  find  some  light  reflected  from  his  Antarctic 
regions  upon  our  own.  Singular  as  it  may  seem,  we  really  know  little 
more  of  the  one  than  of  the  other.  No  one  has  yet  wintered  within  the 
Antarctic  circle  of  the  Earth — nothing  is  known  of  its  winter  climate, 
the  distribution  of  land  and  water,  the  laws  of  storms,  the  formation 
of  ice  and  its  movement,  or  the  magnetic  phenomena  of  high  Southern 
latitudes.  It  is,  however,  of  the  utmost  importance  that  enquiries 
should  be  made  into  these  subjects,   to  enable  us  to  ari'ive  at  true  con- 
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elusions  as  to  the  figure  of  the  Earth,  the  causes  of  atmospheric  and 
oceanic  circulation,  and  the  correct  theory  of  the  Earth's  magnetism. 

Looking  at  Mars,  we  now  see  a  great  white  patch  around  his  Southern, 
pole,  and  a  similar  a))pearauce  would  present  itself  to  an  astronomer 
who  from  Mars  would  turn  a  telescope  upon  the  Earth  when  our  South 
pole  is  turned  to  him.  It  would  even  be  larger  in  proportion,  and 
would  certainly  not  be  reduced  to  the  small  size  to  which,  in  October, 
the  Martian  ice-cap  will,  after  a  full  twelve-months'  summer,  be  brought 
down. 

Our  Antarctic  regions  were  first  described  for  us  by  Captain  Cook, 
the  great  navigator,  who  was  acquainted  with  Simcoe,  the  first  Governor 
of  Upper  Canada,  and  whose  name  survives  in  Cook's  Bay,  of  Lake 
Simcoe,  fifty  miles  from  the  good  city  of  Toronto.  He  twice  crossed 
the  Antarctic  circle,  and  once  reached  latitude  71°  15',  where  he  found 
ice  barring  his  way,  and  said  he  believed  no  higher  Southern  latitude 
would  ever  be  attained. 

In  1823,  however.  Captain  James  Weddell  sailed  to  74°  15',  in 
latitude  34°  17'  West,  where  he  found  a  sea  clear  of  field  ice,  with 
only  three  icebergs  in  view,  plenty  of  whales,  ]ietrels  and  other  living 
things — and  this  after  going  through  1 20  miles  of  water  with  (at  least 
on  one  occasion)  "  not  a  particle  of  ice  of  any  description  visible." 

Most  of  our  knowledge  is,  however,  derived  from  the  voyage  of  Sir 
James  Clark  Ross,  with  the  "Erebus"  and  "Terror,"  he  having  spent 
the  years  between  1839  and  1842  in  the  survey  of  the  I'egions  around 
the  South  magnetic  pole. 

The  "Challenger,"  in  1874,  ran  down  to  just  within  the  circle — the 
only  steam  vessel  which  has  ever  been  there. 

In  1892-3  Xorway  and  Scotland  sent  out  a  whaling  fleet,  with  a 
small  scientific  stafi^,  who  have  added  something  to  the  common  stock  of 
information. 

The  great  chain  of  the  Andes,  broken  across  by  the  ocean  at  Cape 
Horn,  rises  again  above  the  sea  in  the  South  Shetland  Islands.  Then, 
also  in  the  range,  we  get  Joinville  Island,  Palmer  Land  and  Trinity 
Land,  and  next — still  just  without  the  Antarctic  Circle — Graham's  Land, 
which  may  be  the  Northern  apex  of  a  Southern  continent,  only  10°  of 
latitude  from  South  America.  Here  our  Southward  journey  stops. 
Turning  Westward  we  skirt  a  formidable  ice  barrier,  from  62°  West 
longitude   to    170°  East   longitude,    where   in  latitude  78°  Ross  found 
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Mounts  Erebus  and  Terror,  and  a  shore  which  he  called  Victoria  Land. 
Whether  the  intermediate  space,  apparently  covered  with  ice,  is  land 
or  water,  no  one  knows.  Dr.  John  Murray  (of  the  "Challenger") 
■supposes  it  to  be  the  coast  line  of  a  great  Southern  Continent,  and  a  moun- 
tainous region  analo2:ous  to  that  on  the  West  of  South  America.  He 
thinks  the  other  side  of  it  is  much  lower,  with  a  gradual  slope  towards 
broad  plains.  The  coast  line  he  thinks  continuous,  under  the  names  of 
Adelie  Land,  Clarie  Land,  North  Land,  Sabx-ina  Land,  etc.  It  runs 
almost  along  the  Antarctic  Circle,  facing  the  Southern  coasts  of 
Australia,  as  far  as  110"  East  longitude,  when  it  bows  with  a  great 
curve  towards  the  South,  and  has  been  seen  as  Kemp's  Land  in  68* 
West.  Enderby's  Land,  again,  in  50°  West,  is  on  the  Circle.  Then,  in 
another  great  curve,  within  which  Weddell  made  his  Southern  dash,  this 
imagined  Antarctica  is  supposed  to  continue  until  it  reaches  Graham's 
Land — our  original  point  of  departure. 

If  this  view  be  correct,  the  Antarctic  Continent  covers  four  mil- 
lion square  miles,  and  is  larger  than  all  Australia,  while  the  ice  covered 
region  may  be  much  larger  in  winter,  during  which  no  man  has  ven- 
tured to  behold  it. 

The  shores  of  the  mountainous  side  of  this  land  are  very  bold,  "ris- 
ing sharply  from  the  ocean  in  a  stupendous  mountain  range,  peak  above 
peak,  enveloped  in  perpetual  snow."  The  surgeon  of  the  "  Erebus,"  Robert 
McCormack,  who  gives  this  account,  says  : — "  One  very  remarkable  peak, 
in  shape  like  a  huge  crystal  of  quartz,  rose  to  the  height  of  7,867  feet, 
another  to  9,096,  and  a  third  to  8,444  feet  above  the  level  of  the  sea.  *  * 
In  latitude  77°  31'  and  longitude  167°  1'  the  burning  volcano  (Mount 
Erebus)  was  discovered,  covered  with  ice  and  snow  from  its  base  to  its 
summit,  from  which  a  dense  column  of  smoke  towered  high  above  the 
numerous  other  lofty  cones.  *  *  Its  height  is  12,367  feet;  and 
Mount  Terror,  an  extinct  crater  adjoining  it,  *  *  attains  an  altitude 
little  inferior,  being  10,884  feet  in  height  and  ending  in  a  cape  from 
which  a  vast  barrier  of  ice  extended  in  an  Easterly  direction,  checking 
all  progress  South.  This  continuous  perpendicular  wall  of  ice,  varying 
in  height  from  200  to  300  feet,  its  summit  presenting  an  almost  unvaiy- 
ing  level  outline,  we  traced  for  about  300  miles." 

Sir  James  Ross  himself  says  :  "In  a  few  places  the  rocks  brokp 
through  their  icy  covering,  by  which  alone  we  could  be  assured  that 
land  formed  the  nucleus  of  this,  to  all  appearance,  enormous  iceberg." 
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On  February  2nd  (answering  to  our  August),  he  speaks  of  the  ice 
barrier  "about  160  feet  high,  extending  as  far  to  the  East  and  "West  as 
the  eye  could  discern,  continuing  in  one  unbroken  line  from  Cape 
Crozier,  a  distance  of  250  miles." 

In  approaching  the  barrier  and  the  land,  Captain  Ross  had  di'iven 
his  ships  through  200  miles  of  pack  ice,  yet  there  was  often  a  broad 
space — 100  or  200  miles — of  comparatively  open  water  between  this 
outer  ice-stream,  or  pack  ice,  and  the  ice  barrier  proper.  The  winds, 
perhaps,  account  for  this,  for  in  January  there  were  75  units  of  wind- 
force  with  Southing  and  only  14  with  Northing;  in  February,  42  of 
Southerly  and  38  of  Northerly  winds.  The  January  mean  temperature 
of  the  sea  at  the  surface  was  29°  18',  and  of  the  air  in  the  shade  29'  02', 
In  February  the  sea  was  the  same,  the  air  only  24°  28'.  The  maximum 
of  heat  of  the  air  in  the  shade  was  on  January  8th,  41°  5',  and  the 
minimum  in  January  .vas  19°  5',  and  in  February  13°.  Small  wonder, 
then,  that  the  land  is  covered  with  snow  ! 

Dr.  C.  A.  Donald,  of  the  Dundee  whaler  "Active,"  speaks  of  "a 
dark  expanse  of  open  water  between  the  bergs  and  the  floe.  To  the 
North  was  the  loose,  scattered  ice,  small  bergs  and  dark  water-channels, 
through  which  we  had  just  steamed."  What  I  infer  is  that  while  the 
edge  of  the  true  barrier  is  fairly  permanent,  there  are,  in  summer,  broad 
channels  and  patches  of  open  water  to  the  immediate  Northward  of  it 
quite  large  enough  to  be  seen  with  a  telescope  from  Mars.  Now,  on 
Mars  we  see  an  unmistakable  edge  to  the  Polar  Continent,  especially  at 
the  North  Pole.  It  is  an  irregular  ring,  in  latitude  aboiit  70°.  Next 
to  it  appears  a  belt  of  5,  8  or  10  degrees  in  width,  called  Schroter  Sea  ; 
then  an  irregular  belt  called  LaPlace  Land  ;  then  another  belt  of  fluid 
called  Bradley  Sea,  Deslambre  Sea,  etc.,  after  which  we  get  the  several 
continents.  Around  the  South  polar  cap  we  have  in  the  same  way  the 
Phillips  Sea  and  some  encircling  belts  of  land.  (All  this  is  nearer  to^ 
the  pole.s  than  Schiaparelli's  channels,  of  which  much  has  of  late  been 
written.)  If  the  drift  or  pack  ice,  which  (speaking  now  of  the  Antarctic 
Pole)  would  be  driven  by  Southerly  winds  a  long  distance  from  the  ice 
barrier,  were  caught  on  JNIars,  as  seems  to  be  the  case  on  Earth,  by  a  pre- 
vailing Westerly  current  in  a  lower  latitude,  we  have  a  po.ssible  explana- 
tion for  the  long  lanes,  resembling  gulfs,  or  straits,  or  channels,  called 
after  Phillips  and  others.  There  would  be  a  high  bai-ometer  at  the 
South  Pole  of  Mars,  and  outward   flowing  winds,  just  as  there  is  upon 
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Eaith.  Around  the  South  Pole  of  the  Earth,  and  from  5*^  to  S*^  from  it, 
Dr.  Murray  draws  an  isobar  for  February  of  29-50  inches.  Ten  degrees 
from  the  Pole  he  marks  29-40  ;  fifteen  degrees,  29-30  ;  twenty  degrees, 
29-10;  and  around  the  Antarctic  Circle,  29.  In  all  this  region  we 
should  then  have  Southerly  winds.  Mr.  Bruce  and  Dr.  Donald's  experi- 
ence in  the  Dundee  whalers  confirms  this  view.  But,  a  few  degrees 
further  North,  we  get  into  the  prevailing  lov  pressure,  and  as  far  as  40° 
latitude  we  have  strong  westerly  gales  all  around  the  globe.  This  little 
ray  of  light  on  the  possible  cause  of  the  nai-row  belts  observed  around  the 
Martian  Poles,  is  the  only  one  our  very  imperfect  knowledge  of  our  own 
Antarctica  helps  to  reflect  on  the  other  planet,  except  that  the  glittering 
brightness  and  crystalline  appeai-ance  of  snow-covered  mountains  which 
Ross  alludes  to  may  explain  the  strange  brightness  of  some  of  the  spots 
— bright  white  upon  Avhite — which  have  been  observed  on  Mars.  We 
may,  perhaps,  get  more  reflected  information  in  return. 

The  cooling  process  is  supposed  to  have  gone  farther  in  Mars  than 
in  the  Earth,  but  the  phenomena  of  the  melting  of  the  ice  around  his 
poles — the  fact  that  the  greater  part  of  it  is  regularly  thawed  away  each 
season,  shows  that  his  ice,  whether  it  be  ice  formed  from  water  or  from 
some  other  liquid,  cannot  have  any  enormous  thickness — not  by  any 
chance  a  depth  of  miles.  And  we  begin  to  question  from  this  analogy 
whether  there  was  ever  a  depth  of  ice  upon  the  Earth  which  it  took 
miles  to  measure.  Certainly  it  does  not  seem  to  be  the  case  now, 
notwithstanding  the  evident  fact  that  Antarctica  is  going  through  a 
glacial  peiiod.  There,  indeed,  we  may  leai-n  what  an  ice-cap  really  is — 
such  as  they  say  existed  hereabouts.  In  Alaska  and  in  Greenland  we 
have  plenty  of  mountain  glaciers,  but  no  true  ice-cap.  Our  North  Atlantic 
icebergs  announce  their  origin  by  their  appearance  ;  they  are  pinnacled 
like  the  Alps,  most  irregular  in  outline.  They  come  from  glaciers 
which  discharge  from  valleys  into  the  sea  direct.  The  Southern  bergs 
are,  however,  quite  different. 

Ross  says  (January  21st,  1^41),  "The  land  ice,  although  not  more 
than  five  or  six  feet  above  the  surface,  and  therefore  probably  not  more 
than  forty  feet  in  thickness,  blends  so  imperceptibly  with  the  snow  which 
descends  from  the  mountains  at  this  part  and  extends  far  into  the  sea, 
that  it  was  almost  impossible  to  form  any  idea  of  the  exact  position  of 
the  coast  line."  Again,  near  Mount  Erebus  (January  28th) : — '•'  As  we 
approached  the  land,  we  perceived  a  low  white  line  extending  *  * 
9 


66  TUa  Astronomical  and  Physical  Society  of  Toronto. 

as  far  as  the  eye  could  discern  to  the  Eastward.  It  presented  an  extra- 
ordhiary  appearance,  gradually  increasing  in  lieight  as  we  got  nearer  to 
it,  and  proving  at  length  to  be  a  perpendicular  cliff  of  ice,  between  150 
and  200  feet  above  the  level  of  the  sea,  perfectly  flat  and  level  at  the  top, 
and  without  any  fissui'es  or  promontories  on  its  even  seaward  face.  *  * 
"We  might  with  equal  chance  of  success  try  to  sail  through  the  cliffs  of 
Dover  as  penetrate  such  a  mass.  *  *  It  is  impossible  to  conceive  a 
more  solid  locking  mass  of  ice  ;  not  the  smallest  appearance  of  any  rent 
or  fissure  could  we  discover  throughout  its  whole  extent,  and  the  in- 
tensely bright  sky  beyond  it  but  too  plainly  indicated  the  great  distance 
to  which  it  reached  to  the  Southward.  *  *  Having  sailed  along  this 
curious  wall  of  ice  in  perfectly  clear  water,  a  distance  of  upwards  of 
100  miles,  by  noon,  we  found  it  still  stretching  to  an  indefinite  extent 
in  an  ESE  direction.  *  *  We  sounded  in  410  fathoms.  The 
temperature  of  300  fathoms  was  34"2",  and  at  150  fathoms  SS*-', 
that  of  the  surface  being  31°,  and  the  air  28'^.  Current  S.  by  E., 
12  milts  per  diem.  So  great  a  depth  of  water  seemed  to  remove  the 
supposition  that  had  beeu  suggested  of  this  great  mass  of  ice  being 
formed  upon  a  ledge  of  rock,  and  to  show  that  its  outer  edge  at  any 
rate  could  not  be  resting  upon  the  ground."  In  the  Arctic  regions, 
he  addsj  "we  have  witnessed  the  almost  magical  power  of  the  sea  iu 
breaking  up  land  ice  or  extensive  floes  of  from  twenty  to  thirty  feet 
thick.  *  *  Here  the  extraordinary  barrier  of  ice,  of  prol)ably  more 
than  a  thousand  feet  in  thickness,  crushes  the  undulations  of  the  waves 
and  disregards  their  violence  :  it  is  a  mighty  and  wonderful  object,  far 
beyond  anything  we  could  have  thought  of  or  conceived.''  A  few  days 
later  (January  31st)  Ross  saw  several  icebergs  ;  they  were  chiefly  of  the 
tabular  form,  perfectly  flat  on  the  top,  precipitous  iu  every  part,  and 
from  150  to  200  feet  high.  They  had  evidently  been  detached  from  the 
barrier,  and  had  grounded  on  a  bank,  sixty  miles  from  the  edge  of  the 
barrier.      Soundings  on  this  bank  gave  250  fathoms,  or  say  1,500  feet. 

Dr.  Murray,  of  the  "  Challenger,"  says  : — "  The  ice  and  snow  which 
form  on  the  slopes  of  the  mountain  ranges  forming  the  interior  of  Vic- 
toria Land,  descend  to  the  lower  reaches  of  the  Continent,  where  they 
accumulate  iu  vast  undulating  fields  and  plains,  hundreds  of  feet  in 
thickness,  and  ultimately  this  great  glacier  or  ice-cap  is  pushed  out  over 
all  the  low  lands  into  the  ocean,  forming  there  the  true  ice-barrier,  a 
solid,  perpendicular  wall  of  ice,  probably  from  1,200   to   1,500  feet  iu 


The  Astronomical  and  Pliysical  Society  of  Toronto.  67 

tliickness.  *  *  When  the  forefronts  of  this  great  creeping  glacier 
are  pushed  into  depths  of  about  200  or  400  fathoms,  large  stretches  are 
broken  off  and  float  away,  as  the  oft-described  perpendicularly-faced,  hori- 
zontally-stratified, table-topped  icebergs  of  the  Antarctic  and  Southern 
Oceans,  which  may  be  miles  in  length,  and  usually  float  from  150  to  200 
feet  in  height,  above  the  sea  surface." 

Dr.  Donald,  of  the  "  Active,"  says  : — '•'  These  Southern  glaciers  diflfer 
in  many  important  aspects  from  those  of  the  North,  and  many  problems 
in  regard  to  them  still  require  solution.  I  merely  wish  to  state,  how- 
ever, that  some  of  ;those  we  saw  around  here  produced  a  berg  more  than 
sixty  or  seventy  feet  in  height." 

The  flat-topped  figure  of  the  Southern  icebergs,  which  results  from 
the  level  surface  of  the  ice-cap,  is  not  the  only  point  in  which  Antarctic 
glaciers  differ  from  Arctic  ones.  They  also  differ  in  stratification.  This 
is  invariably  horizontal  ;  for  the  ice  is  not  thrust  from  between  narrow 
valleys  into  the  ocean,  nor  has  it  ra]tidly  travelled  down  steep  slopes, 
its  centre  outstripping  the  sides  in  its  daily  i)rogress  of  several  feet,  its 
whole  mass  suffering  distortion  as  it  splits  up  into  blocks  when  passing 
over  a  ledge,  and  breaking  into  separate  sections  as  frequent  changes  in 
temperature  make  it  contract — to  expand  the  next  day  or  night  with 
irresistible  force.  ^\'hetlier  it  moves  at  all  with  a  general  movement 
seawards  is  quite  a  question,  and  it  may  be  that  Dr.  Murray  is  unduly 
impressed  by  the  theories  of  glacialists  here — now  beginning  to  be  ques- 
tioned as  having  been  carried  to  absurd  extremes.  There  can  have  been 
no  movement  of  ice  for  hundreils  of  miles  over  level  counti-y.  It  rather 
seems  that  annual  snoivfall  adds  layer  after  layer  to  the  thickness  of  the 
Southern  ice-cap  where  it  lies,  that  it  began  to  form  where  it  now  is, 
accumulating  up  to  the  jiossible  limit  of  thickness,  while  some  laws,  not 
yet  understood,  remove  either  as  water  or  through  ice-streams  within  its 
substance,  whatever  excess  may  be  due  to  hundreds  of  years  of  such 
increment.  It  seems,  at  any  rate,  that  no  such  thickness  as  spoken  of 
by  the  late  Dr.  CroU  existed,  nay,  that  no  ice  ten  or  twenty  miles  in 
tliickness  can  be  formed,  for  if  it  could  for  a  time  be  supposed,  the  bdse 
would  melt,  from  the  necessarily  increasing  temperature  of  the  crust  below 
it.  If  the  snow-cap  rests  on  rock  of  a  temperature  half  a  degree  below 
the  freezing  point,  the  greatest  thickness  of  ice  formed  would  not  be 
likely  to  exceed  1,600  or  1,800  feet.  Such  a  layer  of  ice,  however,  such 
.as  that  which  we  know  to  exist  in  the  South,  presents   for   examination 
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most  interesting  considerations,  and  one  may  feel  sure  that  when  it  has 
been  studied,  in  all  its  phenomena  of  formation,  regelation  and  move" 
ment,  much  light  will  be  thrown  on  the  theories  of  our  Northern  glacial- 
ists,  and  I  believe  that  much  will  have  to  be  recanted.     It  has  always 
seemed  to   me  incredible  that  ice,  miles  thick,  should  have  moved  in  a 
sort  of  semi-fluid  state  across  enormous  areas  of  land.      If  physical  con- 
ditions are  found  to  limit  the  thickness  of  an  ice-cap  to  2,000  feet  (only 
about  one-third  of  a  mile),  it  is  still  more  inconceivable  that  any  such, 
ice-caps  as  are  said  to  have  covered  this  part  of  North  America  and  the 
North  of  Europe  should   have  moved,  almost  independently  of  gravity 
and  across  a  generally  level  country.      The  true  explanation   of  ice-cap 
formation,  motion  and  erosion,  may  be  found  quite   different  from  the 
methods  which  pronounced  glacialists  with  assumed  certainty  tell  us  of. 
Ross'  map  differs  much  from  Murray's.     He  gives  facts  only,  and 
his  chart  shows  but   a  few   lines  of  coast.     Murray  connects  these  by 
dotted  lines,  and  colours  his  Antarctica  in  the  approved  hydrographic 
way.     But  what  if  instead  of  a  great  Continent,  with  the  broad  features 
he  imagines,  across  which  no  ice  could  be  pushed,  there  is  an  irregular 
complex,  with  several  mountain  ranges  or  spurs  of  the  chief  range,  with 
fairlv  steep  slopes  in  most  cases?     We  can  then  imagine  without  violence 
to  common  sense  a  flow  of  ice  down  their  valleys  which  will  give  some 
thrust  to  the  main  field.      A  uniformly  high  barometer  at  the  Pole  means 
very  little  snowfall,  and  I  do  not  suppose  this  thrust  is  ever  very  great  j 
still  the  ice  must  move  outwards  more  or  less,  until  it  reaches  the  point 
at  which  temperature  abruptly  limits  its  extent.      In  reaching  that  point 
it  must  move  ujjon   the  sea  floor  for  some  distance.      Cliffs  must  have 
disappeared,  and  even  the  sea-bottom  must  be  smoothed  in  some  places 
and  striated  in  others.     When  the  ice-tields  reach  a  latitude  where  their 
accretions  from  above  are  not  enough  to  sink  them  to  the  bottom,  and 
where  the  warmer  bottom  layer  of  water  can  penetrate,  portions  are  de- 
tached and  ice  islands   sail   away.      Dr.  Murray  thinks  the  horizontally 
stratified  appearance  of  these  Southern  ice-fields  and  ice-bergs  is  due  to- 
'' the  constant  melting  and  regelation   which  go  on  throughout  the  ice- 
cap ;  in  the  deeper  parts  of  the  bergs  these  layers  are  not  thicker  than 
wafers."    Surely  Dr.  Murray  would  re-write  this  after  a  visit  to  even  our 
land  in  winter.     We  see  similar  strata  formed  by  successive  snowfalls^ 
ice-crusts,  occasional  warm  days,  and  not  at  all  l)y  constant  melting  and 
regelation.      Stratification  occurs,  I  suggest,  for  the  most  part,  after  the 
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icft-cap  has  been  launched  into  the  sea,  and  while  the  lower  ice  becomes 
abraded  by  its  slow  movement  over  the  ocean  floor,  the  U[)per  layers  are 
added  to  each  season  by  frequent  snowfalls.  Such  was,  1  imagine,  the  ice- 
cap in  Northern  regions,  too.  It  was  not  formed  throughout,  nor  did  it 
perform  its  work  on  land  while  the  land  was  above  water  but  below  it. 
Behind  us  there  were  the  Laurentian  hills  ;  perhaps  the  Alleghanies 
were  above  the  sea.  The  rest  of  this  part  of  the  Continent  was  below 
sea  level.  The  ice  extended  over  the  region  that  now  shows  the  signs 
of  ice  action  in  a  sheet,  not  of  miles  but  of  500  or  1,000  feet  in  thick- 
ness. In  valleys  alone  could  it  be  more.  It  would  sti-etch  into  the  sea 
like  the  Antarctic  sheet,  and  rivers  would  flow  from  under  it  in  summer 
time.  Its  movement  would  be  very  slight,  and  always  along  the  val- 
leys, never  up  them  or  across  them.  Under  its  calm  protection,  clays 
would  he  deposited,  with  here  and  there  a  boulder,  which  had  been  slowly 
carried  within  or  upon  it.  How  otherwise  can  we  account  for  the  beau- 
tifully level  stratiflcation  of  our  extensive  tracts  of  boulder  clay  ? 

In  estimating  the  dangers  of  an  Antarctic  expedition,  to  elucidate 
such  problems  as  here  alluded  to,  it  must  be  considered  that  the  tem- 
perature is  probably  much  more  uniform  than  at  the  North.  Mr.  Bruce, 
of  the  "  Balffina,"  inferred  this  from  the  singular  evenness  of  the  tem- 
peratures in  December,  January  and  February,  which  gave  means  of 
-31-U^,  31-10'',  29-65°,  and  asked,  "might  not  this  indicate  similar 
uniformity  throughout  the  year  ? "  No  doubt  it  is  a  daring  thing  to  face 
the  unknown,  and  it  may  be  found  very  diflicult  even  to  eflect  a  landing 
in  a  desirable  locality  for  observation.  But  steam  has  minimized  the 
dangers  of  the  ice-pack,  and  though  self-sacriflces  would  have  to  be  made, 
yet,  if  England  or  Australia  (which  is  especially  called  on  for  the  task) 
were  to  provide  the  vessels,  there  would  be  no  lack  of  volunteers  to  man 
them,  and  Canada  would  esteem  it  a  privilege  to  provide  her  quota. 
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SIXTEENTH  MEETING. 

August  21st;  Mr.  E.  A.  Meredith,  LL.D.,  in  the  cliair. 

Mr.  J.  Maughan,  of  Toronto,  was  elected  an  active  member  of  the- 
Society. 

The  Librarian  reported  the  receipt  of  the  Proceedings  of  the  Insti- 
tute of  Nova  Scotia,  and  was  instructed  to  place  that  Society  upon  the 
list  of  e.Nchanges.  Mr.  J.  R.  Collins  presented  some  copies  of  a  photo- 
graph of  the  full  Moon,  taken  on  August  16th  at  the  Wilson  telescope- 
The  prints  had  been  made  by  Mr.  W.  B.  Musson.  During  a  general 
discussion  on  the  subject  of  electric  phenomena,  Rev.  C.  H.  Shortt  de* 
scribed  a  case  of  lightning  stroke  in  which  it  seems  the  lightning  had 
ascended.     Some  of  the  members  had  met  with  similar  cases,  but  rarely. 

Mr.  Z.  M.  Collins  described  some  experiments  he  had  recently  made 
with  magnetized  steel  discs,  and  presented  photographs  of  the  lines  of 
force.  His  method  of  preparing  these  was  simply  to  place  sensitized 
paper  over  the  disc,  sprinkle  steel  tilings  upon  it,  and  then  expose  to 
direct  sun-light,  the  action  of  which  upon  the  ))aper  was  marked  where 
the  tilings  were  absent.  As  a  result  of  noting  the  lines  of  force,  Mr. 
Collins  thought  it  was  an  error  to  speak  of  the  pole  of  a  magnetized 
sphere  as  being  localized.  Each  hemisphere  is  a  pole,  and  the  magnet" 
ism  equally  distributed  around  it.  What  is  commonly  called  the  pole  is 
merely  the  centre  of  tlie  tield. 

The  following  paper  by  Mr.  W.  F.  Denning,  F.E,.  A.S.,  of  Bristol,. 
England,  a  corresponding  member  of  the  Society,  on 

COMETS  OF  SHORT  PERIOD, 

was  read  by  Rev.  C.  H.  Shortt,  M.A. 

The  remarkable  increase  effected  by  new-  discoveries,  during  the  last 
ten  years,  in  the  Jovian  family  of  Comets  must  have  been  noticed  by 
everyone  interested  in  this  branch  of  Astronomy.  Between  1884  and 
1894  our  knowledge  of  these  bodies  has  been  enriched  to  the  extent  of 
ten  new  members  as  follows  : — 
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Yiar  and  ^  Perihelion  Period  Next 

X umber.  "'"^'  Fa,isage.  in  Years.  Return. 

18S4  II Barnard   August  16    5-.'?9S 1895,  June. 

1884  III Wolf     September  27 6  821 1898,  June. 

1886  IV Brooks June  6 5o9.j 1897,  August. 

1886  VII Finlay November  22 6-627 1900,  February. 

1SS9  V Brooks September  30 7-073 1896,  October. 

1889  VI Swift    November  29 8-534 189S,  June. 

1890  VII Spitaler    October  26    6-378 1897,  March. 

1892  III Holmes    June  13    6909 1899,  May. 

1892  V Barnard     December  11    6  -309 1899,  x\pril. 

1894  I Denning February  9 7  -698 1901 ,  October. 

This  average  addition  of  one  Comet  annually  gives  us  the  clearest 
possible  intimation  that  this  family  is  an  exceedingly  numerous  one, 
and  probably  comprises  some  hundreds  of  members,  for  it  is  evident  we 
are  still  only  acquainted  with  a  small  proportion  of  the  aggregate  num- 
ber which  exist.  It  might  be  supposed  that  Comets  of  this  class  return- 
ing so  frequeatly,  would  soon  all  be  discovered,  but  this  is  fai-  from 
being  the  case  as  they  are,  in  general,  small  and  often  pass  perihelion 
under  circumstances  which  prevent  their  being  detected.  Thus  Comet 
I.,  1894,  though  it  returns  every  seven  years  and  two  hundred  and  fifty- 
five  days,  can  only  be  seen  at  one  return  out  of  three  {i.e.,  once  in 
twenty-three  years)  as  the  position  of  the  Earth  relatively  to  the  Comet 
is  too  distant  for  the  latter  to  be  seen  except  on  occasions  when  it  reaches 
perihelion  (longitude  130°)  in  January,  February,  or  March. 

The  majority  of  recent  discoveries  show  that  the  average  period  is 
about  six  and  three-fourth  years,  and  that  the  perihelion  distance  lies 
outside  the  Earth's  orbit  while  the  aphelion  is  just  outside  that  of  Jupi- 
ter. The  perihelion  of  Finlay's  Comet  lies,  however,  slightly  inside  the 
Earth's  orbit,  but  that  of  Brooks'  (1889  Y.),  Sintaler's  (1890  VIL), 
and  Holmes'  (1892  III.),  is  situated  far  outside  the  orbit  of  Mars,  and 
at  about  twice  the  Earth's  mean  distance  from  the  Sun. 

Two  of  the  Comets  enumerated  in  the  table  [viz.,  Wolf's  and  Finlay's) 
have  been  seen  at  a  second  return,  but  it  is  not  likely  that  all  the  others 
will  be  fully  verified  in  future  years,  though  there  can  be  little  doubt  as 
t'>  the  character  of  their  orbits  at  the  particular  apparition  when  their 
discovery  was  effected.  The  individual  members  of  this  Comet  family 
are  doubtless  constantly  undergoing  disturbances  by  the  attraction  of 
Jupiter,  and  fresh  members  appear  to  be  added  from  time  to  time  by  the 
capture  of  long-period  Comets  which  hap[>pn  to  pass  near  tliat  planet. 
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The  fact  that  the  perihelia  in  ne;irly  all  cases  lie  outside  the  Earth 
enables  these  Comets  to  be  often  well  observed  in  a  quarter  of  the  sky 
opposite  to  the  Sun's  place.  Whenever  the  perihelion  of  one  of  these 
bodies  occurs  at  a  time  when  the  Earth  is  on  the  same  side  of  the  Sun 
it  will  be  comparably  near  the  Earth  and  projected  on  a  region  of  darkv 
sky  so  that  it  is  presented  under  the  best  conditions.  This  is  really 
a  fortunate  circumstance,  for  some  of  the  short-period  Comets  are  really 
faint  and  difficult  objects,  and  can  only  be  picked  up  when  the  condi- 
tions are  highly  favourable. 

From  the  numerous  and  interesting  results  accumulated  during  tlie 
last  decade,  we  may  expect  that  the  immediate  future  will  yield  a  plen- 
tiful harvest  of  new  discoveries  of  Comets  belonging  to  Jupiter's  famil)  . 


SEVENTEENTH  MEETING. 

September  11th;  Mr.  E.  A.  Meredith,  LL.D.,  in  the  chair. 

A  communication  was  received  from  the  Honourary  Secretary  of  the 
Royal  Society  of  Canada,  conveying  the  information  that  upon  the  list 
of  the  associates  of  that  body,  the  Astronomical  and  Physical  Society  of 
Toronto  had  been  placed,  and  would  be  called  upon  to  take  part  in  all 
meetings  of  the  Royal  Society. 

Dr.  Frau9ois  Terby,  of  Louvain,  Belgium,  was  elected  a  corresponding 
member  of  the  Society. 

Moved  by  INIr.  J.  Todhunter  and  seconded  by  Mr.  A.  Harvey,  and 
Resolved,  that  the  next  meeting  of  this  Society  take  into  consideration 
the  advisability  and  practicability  of  erecting  an  astronomical  observatory 
in  the  city  of  Toronto  and  maintaining  the  same  by  public  or  private 
enterprise  or  both.      Carried. 

A  member  read  a  letter  from  Mr.  J.  Connon  of  Elora,  giving  some 
valuable  hints  to  the  amateur  engaged  in  lunar  photography.  Refer- 
ring to  the  difficulty  of  getting  a  sharp  image,  Mr.  Connon  said  : — 
"  The  better  way  is  not  to  use  an  eyepiece  at  all,  but  when  you  enlarge 
for  photographing  use  what  is  called  by  photographers  a  '  half-size  por- 
trait lens.'  This  is  a  style  of  lens  not  much  used  now-a-days  in  ordinary 
work,  and  can  be  found  in  any  gallery.     With   this  you  can  get  a  per- 
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fectly  flat  image,  and  if  it  is  a  good  lens,  and  clear,  tlie  focus  will  lie 
very  fine  in  quality." 

Mr.  Thomas  Lindsay  reported  having  made  a  series  of  observations 
with  a  telescope  by  Bardou,  of  Paris,  recently  imported  by  Mr.  James 
Foster.  Of  3-inch  aperture  and  bearing  easily  a  power  of  150,  the 
instrument  had  performed  extremely  well.  The  definition  was  particu- 
larly sharp,  many  objects  being  well  seen  that  are  considered  severe 
tests  for  the  aperture.  Mr.  Foster  had  kindly  ofi'ered  to  place  the  tele- 
scope at  the  service  of  the  members  on  any  special  occasions  when  inter- 
esting phenomena  might  be  observed.  The  mounting  was  admirably 
adapted  for  field  observations. 

]Mr  Elvins  reported  having  observed  quite  successfully  the  spectrum 
•of  the  lightning  flash  on  the  night  of  September  2nd.  The  literature  on 
this  subject  is  not  extensive,  but  it  seems  that  other  observers  have 
noted  bright  lines  in  the  spectrum.  Mi-.  Elvins  succeeded  in  seeing  the 
flash  in  the  spectroscope  fully  foity  times,  with  the  constant  result  of  a 
continuous  spectrum,  no  bright  lines  being  seen  ;  the  colours  were  clear 
and  distinct  from  the  red  to  the  violet.  As  the  spectrum  of  an  incan- 
descent solid,  or  of  a  gas  at  verj^  high  pressure,  is  continuous,  the  ques- 
tion is  an  open  one  as  to  why  it  was  continuous  in  this  case.  Without 
pressing  any  explanation,  Mr.  Elvins  thought  that  the  particles  of  the 
dust  and  smoke-laden  atmosphere  might  be  rendered  incandescent  by  the 
lightning,  and  so  produce  a  spectrum  without  bright  lines. 

The  following  notes  on 

THE    FORM    OF    THE    AURORA 

were  received  from  ^Ir.  J.  Yan  Somnier,  writing  from  Southampton,  on 
the  Lake  Huron  shore,  where  he  had  made  many  observations  : — 

Allowing  for  the  streamers,  an  aurora  is  always  seen  in  the  form  of 
a  crescent  or  semi-circle,  the  highest  point  due  North  from  the  spec- 
tator. I  am  not  aware  that  it  is  ever  seen  edgeways,  as  if  it  were  facing 
East  or  West.  That  being  so,  we  arrive  at  the  conclusion  that  the 
crown  of  the  aurora  follows  a  circle  round  the  North  Pole.  All  sides 
may  not  be  equally  illumined  at  the  same  time,  but  the  shape  would  be 
that  of  a  "  band."  The  centre  of  the  auroral  band  of  light  under  the 
North  Star  would  then  be  nearest  to  us,  and  the  sides  East  and  West 
further  away.  The  greatest  height  due  North  would  be  due  to  the 
nearest  distance,  and  the  lower  and  less  distinct  appearance  of  the  sides 
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^voulil  be  due  to  the  greater  distance.  So  the  first  point  in  regard  to- 
the  shape  we  must  decide  is  that  the  crescent  or  semi-circular  form^ 
as  we  see  it,  is  due  to  how  it  appears  to  us  and  not  to  an  actual  shai)e 
the  light  possesses;  that  is,  the  aurora  is  not  a  serai-circle  set  upon. 
H  base,  but  a  portion  of  a  complete  circle. 

Next,  in  regai'd  to  the  position  of  tl)e  lii,dit  and  streamers  as  com- 
pared with  tlie  Earth's  surface.  I  do  not  tliink  the  light  radiates  from 
the  Earth's  surface  towards  its  zenith.  If  it  did,  the  light  and  streamers 
would  incline  away  from  a  spectator.  Now,  if  the  base  of  an  aurora 
were  from  twenty  to  sixty  miles  nearer  to  a  spectator  tlian  the 
crown,  the  base  should  appear  the  briglitest.  Any  light  woulil  do  so. 
The  streamers  shooting  up  and  away  from  the  spectator,  according  to 
the  certain  laws  of  perspective,  wouLl  look  both  smaller  and  dinjmer  at 
their  points  than  at  their  base.  But  as  a  matter  of  fact,  the  reverse  is 
the  case,  the  crown  of  the  aurora  and  head  of  the  streamers  are  the 
brightest  and  largest,  leading  us  to  tlie  conclusion  that  their  movement 
is  towards  or  approaching  us.  I  think,  therefore,  tliat  the  auroral  light 
does  not  radiate  from  the  Earth's  surface,  l)ut  from  a  poinfabove  the 
Earth,  and  the  streamers  shoot  out  pai-allel  with  the  Earth's  surface,  the 
light  being  s[)read  out  in  the  same  way  ;  in  fact,  that  the  form  and 
position  of  an  aurora  is  that  of  an  open  umbrella,  extending  over  the 
Northern  and  Southern  regions  of  tlie  Eaith.  This  is  the  only  shape  I 
can  think  of  that  is  cajiable  of  giving  the  form  and  appearance  of  the 
aurora  to  two  or  more  spectators  wherever  they  ma}'  be.  Any  other 
form  would  give  diffei'ent  appearances  to  spectators  at  different  points 
at  the  same  time.  Of  course,  the  light  may  be  bi'ighler  in  one  divection 
or  another.  If  this  idea  be  correct,  it  would  follow  that  we  should  look 
for  the  cause  of  the  aurora  outside  of  the  Earth,  whatever  that  cause 
may  be,  especially  if,  as  has  been  suggested,  they  appear  and  reappear  at 
definite  intervals. 

Mr.  J.  Phillips  then  read  the  following  paper  on 

THE    NEBULAll    HYPOTHESIS    OF   LA  PLACE. 

After  the  Lunar  Theory  was  completed  and  gravity  established  as  a 
law  of  the  universe,  La  Place  began  to  collect  and  arrange  for  publication 
all  the  advancements  mathematical  science  and  physical  astronomy  had 
made  since  the  time  of  Newton.  In  1796  appealed  his  Systeme  du 
Monde,    the  sixth  and  last    volume    of  his  great    work  La   Mecanique 
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Celeste.  At  the  end  of  that  volume  lie  [nopouuds  what  is  coninionly 
known  as  his  Nebular  Hypothesis,  but  more  properly  his  i^tmospheric 
Hypothesis,  though  he,  himself,  gives  it  no  name.  In  that  hypothesis 
La  Place  seeks  to  account,  not  for  the  origin  of"  the  whole  universe,  nor 
for  the  Sun  even,  the  centre  of  our  own  system.  l)at  merely  for  the 
))lanets,  satellites  and  comets  accompanying  him.  And  first  of  all,  he 
postulates  the  Sun  as  alread}'  formed,  somehow  or  other — nearly  spherical 
in  shape,  rotating  on  an  axis,  and  surrounded,  not  by  a  nebulous  mass — 
but  by  an  atmosphere,  extending  farther  than  the  present  bounds  of  the 
solar  system.  This  atmosphere  he  conceives  to  l)e  rotating  along  with 
that  central  mass,  the  Sun,  but  more  slowly,  and  to  derive  its  rotatory 
motion  from  him — to  be  so  rare  that  he  is  solid  in  comparison,  and  in 
mass  to  be  but  a  very  small  fraction  of  his  mass. 

La  Place's  idea  of  the  probably  prior  condition  of  the  Sun  he  gives 
in  three  sentences.  What  he  means  by  an  atmosphere  he  thus  defines  : 
"  A  thin,  transparent,  compressible  and  elastic  fluid,  surrounding  a 
planet  while  being  supported  on  it,  is  what  we  call  an  atraos})here." 
His  hypothesis  is  founded  <m  certain  j^ropositions  demonstrated  in  his 
Mecanique  Celeste,  especially  in  the  second  volume.  He  therein 
shows  that  such  an  atmosphere  surrounding  the  Sun  as  supposed, 
could  not  extend  indefiniteh',  but  must  have  had  certain  limits.  And 
that  its  form  must  have  been  an  ellipsoid  of  revolution,  with  its  shortest 
axis  coinciding  with  the  axis  of  rotation,  and  which  ellipsoid  became 
more  and  more  oblate  as  more  and  more  i-otatory  molion  was  given  it  by 
the  central  mass.  He  then  demonstrates  by  a  set  of  the  most  elegant 
equations,  that  when  the  equatorial  and  polar  diameters  became  in 
]>roportiou  to  each  other  as  3  to  2,  the  ])articles  along  the  equator  lost 
all  weight,  and  the  great  spheroid  had  reached  its  centrifugal  limit. 
Soon  after  this  the  contiguous  inner  parts,  still  being  attracted  Sun- 
ward, would  break  away,  leaving  the  outer  belt  as  a  great  ring  revolving 
around  the  Sun  and  his  remaining  atmosphere.  Call  this  ring  the 
embryotic  mass  of  the  outermost  primary  planet,  say  that  of  Neptune, 
and  his  initial  career  as  a  separate  identitv  is  begun. 

On  the  shrinking  away  of  the  inner  atmosphere  the  ellipsoid  is  more 
spherical  in  shape  than  before,  its  equatorial  diameter  having  just  been 
shortened.  Jiut,  as  it  keeps  on  condensing  and  gaining  in  rotatory 
motion,  it  grows  more  and  more  oblate  as  before,  until  the  3  to  2  centri- 
fugal limit  is  again  reached.  Then  another  belt  or  ring  is  in  like 
manner  left  behind — call  this  the  makinir  of  the  future  Uranian  svstem. 
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In  this  manner  proceeds  La  Place,  from  dirterentiation  to  integration 
or  vice  versa,  and  from  one  equation  to  another,  until  the  whole  mechan- 
ism of  the  heavens  is  revealed  in  one  great  mathematical  poem,  matchless 
for  its  elegance,  beauty  of  style,  and  power  of  convincing  all  who  stop 
to  read.      On  such  basis  is  the  La  Placean  hypothesis  founded. 

The  Kantian  or  real  nebular  hypothesis  was  thought  out  and  pub- 
lished by  Immanuel  Kant  when  La  Place  was  but  six  years  old  and 
Herschell  (afterwards  Sir  William)  only  seventeen.  Kant,  in  his 
Natural  History  of  the  Heavens,  seeks  to  account  for  the  origin  of  the 
whole  universe,  and  sui>poses  the  substance  of  the  Sun  and  planets,  for 
instance,  to  have  been  at  filst  so  diffused  as  to  fill  a  space  greater  thau 
that  now  occupied  by  the  solar  system.  La  Place  begins  with  the  Sun 
already  formed  and  rotating,  and  surrounded  as  at  present  by  a  trans- 
parent atmosphere,  but  extending  farthei*.  The  Kantian  and  La  Placean 
hypotheses  beai-  much  the  same  relation  to  each  other  that  the  Cartesian 
and  Newtonian  philosophies  do- — the  former  emanating  from  the  inner 
consciousness  of  Des  Cartes,  the  latter  founded  on  experiment  and 
geometry.  Yet,  strange  to  say,  through  some  misconception,  the 
Kantian  hypothesis  is  generally  attributed  to  La  Place  by  all  English- 
speaking  people  who  know  anything  about  it,  but  not  by  the  French  or 
Germans. 

In  setting  out  La  Place  seeks  to  account  for  these  five  phenomena 
which  the  solar  system  presents,  to  whicli  there  was  only  one  known 
exception  in  his  time,  viz.,  the  Uranian  moon  system. 

Here  are  the  five  phenomena: — (1)  The  motions  of  the  planets  in 
the  same  direction  and  nearly  in  the  .same  plane.  (2)  The  motions  of 
the  satellites  in  the  same  direction  as  the  planets.  (3)  The  rotations  of 
all  and  of  the  Sun  in  the  same  direction  as  their  projectile  movements, 
and  in  planes  that  differ  but  little  from  each  other.  (4)  The  nearly 
circular  orbits  of  all  the  planets  and  of  their  satellites.  (5)  And  finally, 
the  great  eccentricity  of  the  orbits  of  the  comets,  although  their  inclina- 
tions and  directions  seem  as  if  left  to  chance. 

In  laying  down  his  own  hypothesis.  La  Place  first  refutes  that  of 
Buffon,  which  was  older  than  Kant's,  and  which  La  Place  says  was  the 
only  attempt  at  a  cosmogony  he  knew  of  being  made  since  the  estab- 
lishment of  the  Copernican  system.  This  statement  plainly  shows  that 
he  never  heard  even  of  Kant"s  speculation,  though  thought  by  many 
to  be  its  author.      But  in  proceeding  with  his  own  hypothesis  La  Place 
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unconsciously  rafuted  Kant's  as  well  as  Buffon's,  and  ]>roved  it  to  be 
untenable  also.  He  sought  to  accouiit  for  the  above  five  phenomena 
only — nothiny  else.  And,  considering  the  state  of  chemical  science  in  his 
day,  he  succeeded  well.  Though  he  knew  all  about  the  retrograde  motions 
and  the  orbital  positions  of  the  Uranian  moons  and  treated  of  tliem  else- 
where, 3'et  he  did  not  try  to  explain  or  account  for  either  phenomenon, 
or  allude  to  them  at  all  in  his  hypothesis.  And  though  he  lived  thirty- 
one  years,  which  was  more  than  a  third  of  his  life  time,  after  the  publi- 
cation of  his  Systeme  du  Monde — yet  never  once  did  he  attempt  to 
reconcile  the  peculiarities  of  the  Uranian  system  with  his  hypothesis. 
Herein  he  showed  his  wisdom. 

There  are  other  phenomena  also,  unknown  in  his  time,  which  his 
hypothesis  fails  to  explain.  Tliere  is  the  retrograde  motion  of  Neptune's 
moon  in  an  orbital  plane  not  much  inclined  to  the  ecliptic.  If  Neptune 
be  found  hereafter  to  have  a  retrograde  rotation  it  will  account  for  this  ; 
but  the  other  horn  of  the  dilemma  is  just  as  bad — for,  how  came  he  ta 
have  a  retrograde  rotation  ?  La  Place's  hypothesis  does  not  pretend  to 
account  for  any  such  rotation.  Neptune's  moon  does  not  comply  with 
(2),  and  all  the  Uranian  moons  rtin  counter  to  both  (2)  and  (3)  of  the 
aforesaid  phenomena  which  La  Place  deals  with.  But  the  shoi  t  period 
of  the  inner  Martian  moon,  only  a  third  of  its  primary's  rotation  time, 
is  probably  the  most  fatal  blow  of  all  given  this  hypothesis.  Had  La 
Place  known  of  it,  his  hypothesis  would  likely  never  have  seen  the 
light.  The  late  Professor  iVlitchell,  of  Cincinnati,  in  defence  ff  this 
hypothesis,  once  said: — "If  the  nearest  moon  of  Jupiter  or  Saturn 
were  found  revolving  in  less  time  than  its  primary  rotates,  that 
would  falsify  the  theory."  No  one  disputed  Mitchell's  statement  then, 
and  never  would  if  the  Martian  or  no  other  moon  had  been  found  fulfilling 
the  conditions.  No  sooner,  however,  did  little  Phrobos  ma.nifest  himself 
sweeping  i-ound  Mars  every  7^^  hours,  than  up  sprang  analysts  declaring 
this  did  not  affect  the  nebular  hypothesis  at  all  I  That  Mars  rotated  in 
30  hours  when  his  first  lunar  ring  was  thrown  otl,  in  7h  when  his  second 
broke  loose,  and  then  his  young  hopeful  Phobos  slowed  down  his  rotation 
period  for  him  to  24  hours  37  minutes  !  Verily  this  looks  like  analysis 
gone  mad.  Only  think  of  a  wilful  pebble  attracting  a  mountain, 
whirling  the  mountain  off  its  base,  and  twirling  the  mountain  around 
him  ! 

No  theory  yet  announced    accounts  for  all  the  phenomena  the  solar 
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system  is  now  known  to  present,  unless  "  the  volcanic  theory  of  planetary- 
projection  "  does.  Let  us  briefly  apply  this  theory  to  Phol.os  and  see 
how  it  fits  in  there.  That  little  satellite  revolves  round  Mars,  4,000 
miles  from  his  surface  and  6,100  from  his  centre,  in  7h.  39  miii.  Con- 
ceive Mars'  atmosphere  extending  4,000  miles  in  height  around  him, 
resting  upon  him  and  rotating  along  with  him,  just  as  La  Place  supposes. 
Then,  instead  of  tliat  tiny  j)lanet  being  detached  in  a  gaseous  ring, 
let  us  suppose  it  to  be  projected  from  Mars  himself  in  a  molten  mass  by 
volcanic  eruption,  and  projected  with  such  force  as  to  drive  it  through 
the  atmosphere  and  out  into  the  non-resisting  medium  beyond.  What 
would  be  the  future  career  of  that  projectile  % 

Generally  speaking,  it  would  of  course  fall  down   again  upon  Mars 
after  its  projectile  force  was  spent.     Or,  if  its  initial  velocity  were  great 
enough  to  carry  it  off  beyond  tlie  influence  of   the  Martian  system,  it 
would  evidently  go  on  and  never  return.     Ultimately  it  would  likely 
fall  into  the  Sun,  find  itself  an  orbit  around  him,  or  wander  off  into 
stellar  space.     But  let  us  bear  in  mind  the  projectile,  after  clearing  the 
Martian  atmosphere,  must  not  necessarily  either  quit  the  Martian  system 
or  return  to  Mars.     It  might  and  likely  would  take  a  medium  course. 
If  its  velocity  or  direction,  then,  were  not  such  3.s  to  enable  it  to  find  a 
permanent  orbit,  it  would  sweep  round  for  a  while,  but  its  recapture  by 
Mars  would  only  be   a   question   of  time.      If,  on    the  other  hand,    by 
design   or  chance,  its  velocity  then  were  about  the  square  root  of  half 
the  square  of   the   speed   that  would  drive   it  off"  for  evei' — and  if  the 
direction  of  its  course,  or,  which  is  the  same  thing,  if  the  tangent  to  its 
trajectory  there  and  then,  made   a   right   angle  or  nearly  that   with  its 
radius  vector — its  trajectory  just   then   woidd   merge   into    a    circular 
path,  with   Mars   in   its   centre,  or  into  a  slightly  eccentric  curve,  with 
Mars  in  one  of  the  foci.     And  the  said  tangent  to  the  trajectory  would 
be  tangent  also  to  the  circular  or  elliptic  path  at  that  point,  the  common 
point  of  contact  where  both  curves  would  unite.      The  projectile  would 
therefore  leave,  as  it  were,  the  trajectory  leading  from  Mars  all  the  way 
up  through  his  atmosi)here,  would  enter  the  circular  or  elliptic  path  just 
found,  would  take  possession  of   the   same   as  its   orbit,  and  begin  as  a 
new-born  satellite,  its  course  of  perpetual  revolutions  therein,  round  and 
round  its  primary  and  parent  planet — Mars!     Its  period  of  I'evolution 
would  depend  entirely  on  its  distance  fi-om  its  primary,  and  not  on  the 
time  of  Mars'   rotation  on   his   axis.      It  might  be  longer,   shorter,  or 
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precisely  equal  to  his  rotation  time.  If  shot  out  froiu  Mars'  equatorial 
regions  it  would  revolve  around  those  regions  ;  if  from  a  high  latitude, 
over  that  latitude  crossways  it  would  revolve.  If  projected  from  either 
|)ole  or  very  near  there,  it  would  likely  depart  for  ever  or  return  soon. 
Its  orbital  motion,  whether  direct  or  retrograde,  would  depend  on 
which  latitude  projected  from,  North  or  South,  and  on  the  hour  of  the 
Martian  day  when  projected. 

Let  any  one  interested  in  this  matter  apply  this  theory  to  every 
satellite  in  the  system,  leaving  Neptune's  for  the  last,  before  falling  in 
with  or  falling  OUT  with  the  theory.  No  one  need  attempt  this  unless 
he  can  '•  pocket  "  his  prejudices  and  preconceived  notions  for  a  while  — 
a  mental  teat  which  but  few  are  able  to  perform,  though  most  people 
think  they  can.  Sir  John  Heisliell  truly  says  :  "  On  beginning  a  new 
enquiry  we  have  not  only  much  to  learn,  but  much  to  unlearn,  the 
latter  often  the  more  ditiicult." 


EIGHTEENTH  MEETING. 

September  18th;   Rev.  C.  H.  Shortt,  M.A.,  in  the  chair. 

After  some  discussion,  it  was  moved  by  Mr.  Arthur  Harvey,  seconded 
by  Mr.  G.  E.  Lumsden,  That  tlie  proposal  to  establish  a  popular  obser- 
vatory be  referred  to  the  Council,  with  a  recommendation  to  take  imme- 
diate action.     Carried. 

The  Librarian  reported  having  received  from  .Mr.  E.  Stanton,  of 
Toronto,  two  prints  of  photographs  of  the  lightning  flash.  It  was  inter- 
esting to  note  that  in  one  of  the  prints  a  distinct  loop  could  be  seen  in 
the  streak. 

Miss  Katharine  E.  Vale,  an  associate  member,  who  had  recently 
removed  to  Davenport,  Iowa,  had  been  requested  to  favour  the  Society 
with  any  items  of  interest  pertaining  to  the  advancement  of  science  in 
her  locality.      Miss  Vale  had  forwarded  the  following  account  of  a  visit  to 

THE    CHAMBERLIN    OBSERVATORY, 

which  was  received  and  read  : — 

The  Chamberlin  Observatory  has  just  been  erected,  by  the  munifi- 
cence of  one  of  the  citizens  of  Denver,  the  Hon.  H.  B.  Chamberlin, 
-and  has  cost,   altogether,  nearly  $60,000.     It  is  a  beautiful   building. 
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replete  witli  all  the  wonderful  and  delicate  mechanism  that  modern 
science  requires,  or  can  suggest,  situated  in  the  University  Park,  on  a 
])iece  of  ground  fourteen  acres  in  extent,  on  which  no  trees  are  to  be 
l>lanted  that  might  obstruct  the  view.  Four  blocks  away  is  the  Univer- 
sity College  Campus,  and  IlifF  School  of  Theology.  Although  Denver 
is  built  in  the  midst  of  a  plain,  formerly  a  vast  prairie,  seventeen  miles 
from  the  foot-hills  of  the  Rocky  Mountains,  still  it  is  5,196  feet  above 
sea  level  (the  altitude  of  many  of  the  Al]is  in  Switzerland)  ;  consequently 
the  air  is  exceedingly  pure  and  clear,  and  observation  remai'kably  good. 
University  Pai^k  is  on  a  higher  level  than  Denver ;  the  ground  rises 
gently  into  a  rounded  hill,  upon  the  highest  point  of  which  the  Observa- 
tory is  built;  it  is  more  than  four  miles  from  town,  and  a  longer  dis- 
tance from  the  large  smelting  works,  so  that  the  snioke  of  the  city 
interferes  very  little  with  observation.  The  main  building  is  sixty-five 
feet  long,  fifty  feet  deep,  lighted  throughout  by  electricity  and  heated 
with  steam,  built  of  red  sandstone  from  the  Archalow  quarries,  and  very 
ornate  in  appearance ;  it  is  crowned  by  an  iron  dome,  the  apex  of  which 
is  more  than  fifty  feet  from  the  ground.  The  principal  room  is,  of  course, 
the  spacious  Dome  room  ;  the  wings  contain  the  Transit  i-oom.  Library, 
Computing  room,  Director's  office,  Clock  room,  etc.  ;  in  addition  are  the 
Janitor's  quarters,  Photographic  room,  Store  room,  etc.  Besides  the 
large  Observatory,  close  by  is  a  smaller  building,  called  the  "Students' 
Observatory,"  in  which  is  a  very  good  six-inch  equatorial  I'efractoi",  made 
in  Dublin,  and  a  two-inch  ti'ansit  instrument;  these  are  wiioUy  for  the 
use  of  the  University  students  in  mathematical  astronomy,  who  will  be 
allowed  to  use  the  large  telescope  when  they  have  fully  learnt  the  use 
of  the  smaller  one.  The  outside  ap])eai'ance  of  the  great  telescope,  with 
all  its  array  of  shining  wheels  and  circles,  is  chaste  and  beautiful ;  the 
large  steel  tube,  over  twenty-five  feet  long,  is  painted  or  enameled  pure 
white,  while  the  fittings  shine  like  burnished  gold;  the  twenty  inch 
object  glass,  finished  by  Alvan  Clark,  is  a  very  fine  lens,  and  most 
accurate  in  its  work.  We  looked  at  olvject  after  object,  each  one  more 
beautiful  than  the  last, — s  Lyrje  was  perfectly  separated,  and  the  Ring 
Nebula  beautifully  defined.  The  great  cluster  in  Hercules  was  so  dis- 
tinct, it  seemed  as  if  I  could  count  the  stars,  and  so  plainly  defined, 
shewing  beautifully  the  star-fish  arrangement  of  the  principal  stars.  The 
object  glass  is  arranged  for  celestial  ])hotography  by  reversing  the  outside 
lens.    Mr.  Saegmuller,  of  Washington,  D.C.,  is  the  maker  of  the  mounting. 
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which  is  of  the  highest  order  of  mechauical  excellence.  It  is  astonisliing 
how  easily  the  great  bulky  thing  is  moved  about,- — rapidly,  noiselessly, — 
and  objects  so  quickly  and  easily  found.  AH  this  heavy  machinery  is 
poised  most  accurately  and  solidly  upon  a  320-ton  pedestal  of  the  tough- 
est Colorado  sandstone,  and  anchored  to  it  by  steel  bolts  nine  feet  long, 
three  inclies  in  diameter,  while  the  pedestal  itself  rests  upon  the  bed 
rock. 

I  cannot  speak  too  highly  of  the  kindness  and  courtesy  of  the 
Director,  Dr.  Howe,  and  his  assistants,  in  showing  me  everything  that 
laid  within  their  power  the  evening  I  went  there.  It  is  by  far  the 
finest  telescope  in  the  West,  excej)ting,  of  course,  the  great  Lick  teles- 
cope, and  I  shall  always  look  back  with  delight  at  the  exquisite  pleasure 
I  felt  on  observing  the  beauty  of  the  Heavens  in  one  of  the  most  beau- 
tiful of  modern  telescopes. 

The  Observatory  is  easily  reached  by  electric  car  from  Denver,  and 
Dr.  Howe  kindly  gives  up  two  evenings  a  week  to  visitors,  for  he 
desires  to  make  the  telescope  a  factor  in  the  educational  life  of  the 
people  of  Denver,  not  only  by  original  research  done  with  it,  but  also 
by  the  direct  instruction,  and  astronomical  enlightenment,  which  will 
come  to  those  who  choose  to  avail  themselves  of  the  opportunity  of  using 
the  instrument.  Dr.  Howe  is  most  accurate  in  his  methods,  and  patiently 
describes  everything  to  the  smallest  detail,  so  that  "  he  who  runs  may 
read,"  and  the  most  ignorant  cannot  fnil  to  learn  much  of  that  most 
beautiful  and  noble  of  sciences.  Modern  Astronomy. 
Mr.  G.  E.  Lumsden  read  the  following  paper  on 

SPECTROSCOPIC    BINARY    STARS, 

contributed  by  Mr.  J.  E.  Gore,  F.R.A.S.,  M.R.I.A.,  etc.,  of  Ballysodare, 
Ireland,  a  corresponding  member  of  the  Society. 

The  term  "  Spectroscopic  Binaiy  "  has  been  given  to  those  remark- 
able and  interesting  stars  which  spectroscopic  observation  have  shown 
to  consist  of  two  components  so  close  together  that  the  highest  powers  of 
our  largest  telescopes  fail  to  show  them  as  anything  but  single  stars. 
The  doubling  of  the  spectral  lines  in  some  of  these  objects  indicates  that 
the  components  are  both  bright  bodies,  but  in  the  case  of  Algol  as  the 
lines  are  merely  shifted  from  their  normal  position,  not  doubled,  it 
seems  that  one  of  the  components  is  a  dark  body.  In  either  case,  the 
motion  in  the  line  of  sight  can  be  measured  by  the  spectroscope,  and 
11 
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hence  we  can  calculate  the  actual  dimen.sions  of  the  system  in  miles,  and 
its  mass  in  terms  of  the  Sun's  mast<,  although  the  star's  distance  from 
the  Earth  is  unknown. 

Judging,  however,  from  the  light  of  the  star  and  the  character  of 
its  spectrum,  we  can  make  an  estimate  of  its  probable  distance  from  the 
Earth. 

Let  us  first  take  the  case  of  Algol.  The  spectrum  of  this  famous 
variable  star  is.,  according  to  the  Draper  Catalogue,  of  the  first  or  Sirian 
type  (A).  It  may,  therefore,  be  comparable  with  Sirius  in  density  and 
intrinsic  brightness  of  surface.  Assuming  the  mass  of  Sirius  at  2-2  times 
the  mass  of  the  Sun,  as  found  by  Dr.  Auwers,  and  that  of  the  bright 
component  of  Algol  at  I  of  the  Sun's  mass,  as  given  by  Dr.  Vogel,  I 
find  that,  for  the  same  distance,  Sirius  would  be  about  2 "8  times  brighter 
than  Algol.  But  tlie  Oxford  photometric  measures  show  that  Sirius  is 
about  22  times  brighter  than  Algol,  from  which  it  follows — since  light 
varies  inversely  as  the  square  of  the  distance — that  Algol  is  2  77  times 
fui-ther  from  us  than  Sirius.  Assuming  the  parallax  of  Sirius  at  0""39, 
this  would  give  for  the  parallax  of  Algol  U"-14,  or  alight  journey  of 
about  23  years.  From  the  dimensions  of  the  system,  as  given  by  Vogel, 
this  parallax  would  give  an  apparent  distance  between  the  components 
of  less  than  ^\st\i  of  a  second  of  arc,  a  quantity  much  too  small  to  be 
visible  in  the  laigest  telescopes,  or  probably  in  any  telescope  which  men 
can  ever  construct.  From  a  consideration  of  irregularities  in  the  pro- 
per motion  of  Algol  and  in  the  period  of  its  light  changes,  Dr.  Chandler 
infei-s  the  existence  of  a  third  dark  body,  and  a  parallax  of  Q"-()l .  As 
this  is  exactly  one-half  the  parallax  found  above,  it  implies  a  distance 
just  double  of  what  I  have  estimated,  and  would,  of  course,  indicate 
that  Algol  is  intrinsically  four  times  brighter  than  Sirius.  This  gr^eater 
brilliancy  would  suggest  greater  heat,  and  would  agree  with  its  small 
density,  which — from  its  diameter  in  miles,  as  given  by  Vogel — I  find 
to  be  only  one-third  of  that  of  water. 

Let  us  now  consider  the  case  of  /9  Aurigre,  which  the  spectroscopic 
observations  show  to  be  a  close  binaiy  with  a  period  of  about  four  days, 
and  a  distance  between  the  components  of  about  eight  millions  of  miles. 
This  period  and  distance  imply  that  the  ma.-s  of  the  system  is  about  five 
times  the  mass  of  the  Sun.  As  in  this  case  the  spectral  lines  are  doubled 
and  not  merely  shifted,  as  in  the  case  of  Algol,  we  may  conclu<le  that 
both  the  components  are  bright  bodies,  and   we   may  not  be  far  wrong 
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in  supposing  that  they  are  of  equal  mass,  each  having  two  and  one-half 
times  the  mass  of  the  Sun.  As  the  spectrum  of  fi  Aurigse  is  of  the  same 
type  as  Siiius,  we  may  compare  it  with  that  star  as  we  did  in  the  case 
of  Algol.  Assuming  the  same  density  and  intrinsic  brightness  of  surface 
for  both  stars,  it  follows  that  the  light  of  ,S  Aurigfe  should  be  for  equal 

distances,  2  x  ^*^V^,  or  2*178  times  brighter  than  Sirius.  Now,  accord- 
ing to  the  Oxford  photometric  measures,  Sirius  is  2-89  magnitudes,  or 
l-i-32  times  brighter  than  ;3  Aiirig^e.  Hence,  it  follows  that  the  distance 
of  ,J  Aurig£e  should  be  v/l4-32  x  2i78,  or  5'58-i  times  greater  than 
the  distance  of  Sirius.      Hence,  assuming  the  parallax  of  Sirius  at  0"'39, 

0''-39 
■we  have  for  the  parallax  of /3  Aurigse    --;—-—=  0""061.       From    actual 

0   084: 

measures  of  the  parallax  of  ,3  Aurigse,  made  at  Oxford  by  the  late  Pro- 
fessor Pritchard,  he  found  from  one  comparison  star  a  parallax  of 
0"'065  and  from  a  second  0""059,  results  in  remarkably  close  agreement 
with  that  computed  above  from  a  consideration  of  the  stars'  mass  and 
light  compared  with  that  of  Sirius.  As  the  actual  distance  between  the 
components  of  /J  Aurigae  is  equal  to  the  Sun's  distance  from  the  Earth 
■divided  by  11*G25,  we  have  the  maximum  angular  separation  between 

the  components  equal  to  --j — — ^  or  only  0""005,    or   nearly  the  same  as 

in  the  case  of  Algol. 

Another  object  of  this  class  is  the  bright  star  Spica  (a  Virginis) 
which  has  also  a  spectrum  of  the  Siriau  type,  and  for  which  Vogel  finds 
a  period  of  four  days,  and  a  mass  of  2-6  times  the  mass  of  the  Sun,  with 
^  distance  between  the  components  of  6,260,000  miles,  on  the  assump- 
tion that  the  components  are  of  equal  mass  and  moving  in  a  circular 
orbit.  This  would  give  each  of  the  components  1-3  times  the  mass  of 
the  Sun,  and  it   follows   that   the  light  of   Spica   should— for  the  sann 

c?isto?ice— exceed  that  of  Sirius  by  2  I"—-  5^,    or    T-i   times.        Now   the 

photometric  measures  at  Oxford  show  that  Sirius  is  1-91  magnitudes,  or 
5*8  times  brighter  than  Spica.  Hence,  it  follows  that  the  distance  of 
Spica  should  be  v/5-8  x  1-4,  or  2-85  times  the  distance  of  Sirius.  This 
would  make  the  parallax  of  Spica  0"-137.  So  far  as  I  know,  a  measur- 
able parallax  has  not  yet  been  found  for  this  star.  Brioschi,  observing 
-with  a  vertical  circle  of  four  inches  aperture  in   1819-20,  found  a  nef'a- 
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tive  parallax,  which  would  imply  that  its  parallax  i.s  too  small  to  be 
measurable.  Still  the  above  results  would  seem  to  indicate  that  its 
parallax  might  be  measurable  by  the  photographic  method. 

We  now  come  to  X,  Ursse  Majoris  (Mizar),  which  has  also  a  spectrum 
of  the  Sirian  type,  and  for  which  the  spectroscopic  measures  indicate  a 
pei'iod  of  about  lO-i  days,  and  a  combined  mass  equal  to  about  40  times 
the  mass  of  the  Sun.  Proceeding  as  before,  we  find  that  the  light  of 
Mizar  would  be,  for  the  same  distance  2{~)i,  or  8-712  times  that  of 
Sirius.  But  the  Oxfoi'd  photometric  measures  show  that  Sirius  is  3 -04 
Tnagnitudes,  or  16-45  times  brighter  than  Mizar.  Hence,  the  distance  of 
Mizar  should  be  x/i6-45  x  8-712,  oi-  nearly  12  times  the  distance  of 
Sirius.  This  gives  for  the  parallax  of  Mizar  -^x^-  =  0"-032.  Klinkerfues 
found  a  parallax  of  0-0429"  to  0-0477",  which  does  not  differ  very  widely 
from  the  above  result.  As  the  velocity  of  the  orbital  motion  shown  by 
the  spectroscope  indicates  a  distance  between  the  components  of  about 
143,000,000  of  miles,  or  about  one  and  one-half  times  the  Sun's  distance 
from  the  Earth,  the  maximum  distance  between  the  components  would 
be  0" -032  X  1.^,  or  about  0"-048,  a  quantity  beyond  the  reach  of  our 
]iresent  telescopes. 

It  should  be  mentioned  that  in  the  case  of  jJ  Aurigas,  S])ica,  and 
Z  Ursse  Majoris,  as  there  is  no  variation  of  light,  as  in  Algol,  the  plane 
of  the  orbit  is  probably  inclined  to  the  line  of  sight.  This  would  have 
the  effect  of  increasing  the  computed  mass  of  the  system  and  thus 
diminishing  the  calculated  parallax.  As  the  above  calculations  are 
made  on  the  assumption  that  the  orbital  plane  passes  through  the  Earth, 
it  follows  that  the  computed  parallaxes  are  a  maximum,  and  that  these 
remarkable  objects  may  be  really  farther  from  the  Earth  than  even  the 
minute  parallaxes  found  above  would  indicate.  As  the  parallaxes  of  the 
nearest  stars,  such  as  a  Centauri,  61  Cygni,  and  some  others,  are  con- 
siderably greater  than  those  found  above,  it  would  seem  that  our  solar 
system  is  not  situated  in  a  region  of  close  binaries,  and  that  these  won- 
derful objects  lie  beyond  our  immediate  neighbourhood.  It  is  also 
remarkable  that  they  have  all  spectra  of  the  first,  or  Sirian  type,  includ- 
ing the  Algol  variables  whose  spectra  have  been  examined. 

Ey  the  aid  of  the  parallaxes  found  above  we  can  compare  the  relative 
brightness  of  the  Sun  compared  with  that  of  the  spectroscopic  binaries. 
Assuming  that  the  Sun  is  26^  magnitudes  brighter  than  an  average 
star  of  the  first  magnitude,  and  taking  the  parallax  of  Algol  at  0"-07,  I 
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find  that  the  Siiu  placed  at  the  distance  indicated  by  this  paraUax  would 
be  reduced  to  a  star  of  6-85  magnitude,  that  is  4-45  (6-85  —  2-40)  magni- 
tudes fainter  than  Algol,  which  implies  that  Algol  is  sixty  times  brighter 
than  our  Sun.  Placed  at  the  distance  indicated  by  the  parallax  of  0"'06l 
found  for  ,3  Aurigae,  the  Sun  would  be  reduced  to  a  star  of  7'15  magni- 
tude, or  5-21  magnitudes  (7"15  —  1-94)  fainter  than  ,5  Auriga^,  which 
implies  that  ,5  Aurigse  is  121  times  brighter  th:ui  the  Sun.  In  the  case 
of  Spica  we  have  the  Sun  reduced  to  a  star  of  5-4  magnitude,  or  5*44 
magnitudes  fainter  than  Spica,  indicating  that  Spica  is  150  times  brighter 
than  the  Sun,  although  the  mass  of  Spica  is  only  2*6  times  the  Sun's 
mass.  Finally,  in  the  case  of  X,  Ursse  Majoris,  we  have  the  Sun  reduced 
to  a  star  of  8-54  or  6-45  magnitudes  (8-54  —  2-09)  fainter  than  Mizar, 
which  indicates  that  Mizar  is  no  less  than  .380  times  brigliter  than  the 
Sun  I  These  results  show  the  great  relative  brilliancy  of  stars  with  a 
spectrum  of  the  first  or  Sirian  type  when  compared  with  that  of  the  Sun, 
a  conclusion  which  has  already  been  arrived  at  from  other  considerations. 


NINETEENTH  MEETING. 

October  2nd;  Mr.  John  A.  Patersou,  M.A.,  Vice-President,  in  the 
chair. 

The  Librarian  reported  the  receipt  of  several  volumes  donated  by 
Lady  Wilson,  and  which  were  a  valuable  addition  to  the  Library.  The 
Secretary  was  directed  to  convey  to  Lady  Wilson  the  thanks  of  the 
Society.  The  third  volume  of  the  Lick  Observatory  re[)orts  was  received 
and  was  particularly  admired.  Mr.  A.  Elvins  presented  some  di-awings 
of  the  planet  Mars  which  he  had  made  at  the  telescope  of  the  Toronto 
Observatory.  He  had  not  been  able  to  see  the  rectilinear  markings,  but 
his  drawings  showed  the  varying  colours  of  the  different  parts  of  the 
surface  very  clearly. 

Mr.  Thomas  Lindsay  then  read  a  paper  on 

THE  TRANSIT  OF  MERCURY  OF  NOVEMBER  10,  1894. 

After  briefly  sketching  the  history  of  the  transits  as  observed  since 
Kepler's  time,  and  illustrating  the  conditions  under  which  the  pheno- 
menon is  possible,  the  calculations  for  Toronto  were  given  as  follows  : — 

To  determine  the  moment  of  contact  we  must  apply  to  the  true  posi- 
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tions  of  the  Sun  and  planet  the  corrections  for  parallax,  and  as  these 
depend  upon  the  point  from  which  the  ])henomenon  is  viewed,  it  follows 
that  the  contact  will  not  be  observed  simultaneously  at  two  different 
stations.  The  correction,  however,  is  very  small,  and  this  necessitates 
very  careful  calculation  if  we  wish  to  make  a  prediction  very  near  to  the 
truth.  For  this  purpose  we  refer  to  the  Greenwich  ephemeris  for  the 
elements  of  the  Sun  and  Mercury  at  the  transit,  and  from  the  data  there 
given  may  determine  approximately  the  times  of  contact  by  the  graphic 
method  explained  in  a  former  paper  on  the  subject.  We  shall  find  that 
the  first  contact  occurs  about  3h.  before  and  the  last  contact  about 
2h.  20m.  after  geocentric  conjunction. 

With  these  times  as  assumed,  we  proceed  to  investigate  the  problem 
rigorously,  by  the  same  method  as  employed  in  the  calculation  of 
eclipses  of  the  Sun. 

The  observer  is  supposed  to  be  stationed  at  the  centre  of  the  Sun,  and 
a  straight  line  from  tliat  somewhat  inaccessible  position  is  drawn  to- 
Toronto  Observatory  in  latitude  "North  43°  39'  35",  longitude  West 
5h.  17m.  34s. 

He  sees  a  circle  in  space  of  the  radius  of  the  Sun,  and  when  Mercury 
comes  into  the  field,  at  the  moment  when  the  distance  from  Toronto  to 
its  centre  is  equal  to  the  sum  of  the  radii  of  Sun  and  planet,  fii-st  exter- 
nal contact  occurs.  The  Earth  is  seen  as  a  disc,  and  the  position  of 
Toronto  will  be  determined  as  in  eclipse  or  occultation  problems.  The 
relative  radii  of  Earth  and  Mercury  will  be  : — 

For  the  Earth  :  Parallax  Mercury  —  parallax  Sun  =  13"  —  8"-9  = 
4"-l. 

For  Mercury  :  Its  semi-diameter  =:  4" -9. 

A  3  hours  before  conjunction  we  have 

H.         M.  SEC. 

Greenwich  mean  time,  Nov.  10 3     54     47 '6 

Toronto  difi"erence 5     17     34 '6 

Toronto  mean  time,   Nov.    9,  astronomical 

reckoning    22  37  13-0 

R.  A.  Meridian 13  56  23-5 

Sun's  R.  A 15  3  14-4 

Hour  Angle  —      1        6     50-9 
In  arc  h        =   16°    42'  44"-5 
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Adopting  the  usual  notation  we  liave  :  For  Toronto, 

<p'  =  43°  28'  6",  p  =  9-9993104,  p  cos  /  sin  h  =  —  -20838 
of  the  radius  of  disc,  and  in  seconds  of  arc 

(-20838)  (4"-l)  =  0"-S54  =  -  ?. 
Variation  of  I  in  one  minute  = 

(7-63992)  p  cos  0  cos  h  =  -00303 
(-00303)  (4"-l)  =  0"-0124  =  +  I' 
p  cos  cp'  sin  0  cos  h  ^    -20617 
p  sin  ^'  cos  o     =   -65686 


■86303  =  3"-538  =  +  tj  . 
Variation  of  tj  in  one  minute  = 

(7-6399-2)  ,-  sin  o  =  -00027  =  0"-0011  =  +  r/. 

Mercury's  Decl 17^    19'    21"-9 

Sun's  Decl 17°    16'     53"-9 


Co-ordinate  of  planet  South  . .  2'  28"      =  148"  =  —  y 

H.  M.  SEC. 

Mercury's  R.  A 15  4  22-19 

Sun's  R.  A 1.5  3  14-47 


1        7-72 
reduced  to  arc  of  great  circle  969"-72  ^  +  /  ^  co-ordinate  of  Mercury 
East. 

From  the  elements  we  have 

Variation  of  y  in  one  minute  =  2"-4-5  =  -{-  y  , 
Variation  of  /  in  one  minute  =  5"-64  =  —  /' . 
Then  the  position  of  the  planet  is  determined  by 

y  —  =   ^  970"-574  =  m  sin  3f 
y  —   Ti  ^^  151"-538  =  m  cos  M 
and  in  one  minute  of  time 

■/   —   ^'  ^  —  5"-6524  =  n  sin  N 
y    —   r/  =  -f  2  "-4489  =  n  co%  N 
from  which  we  deduce 

{M  -  N)  =  ir  33'  19"  ;  log  7n  12-992266  ;  log  n  10-789564  . 
Putting  L  for  sum  of  semi-diameters  976"-8,  we  have 
sin  ^-  ^^^^^iM3/-30    ^_  _  ^^^  3g,  ,3., 
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Then  the  moment  of  contact,  n  being  one  minute  motion,  is  given 

by  the  correction 

m  cos  {M  —  N)        L  cos  c''        ^  ^  „ 

^^ =  5o-8sec. 

n  n 

added  to  assumed  time. 

Therefore  Greenwich  mean  time  of  first  contact  at  Toronto  is 
3h.  55iu.  43"4sec.     Eastern  standard  time  is  lOh.  55m.  434sec. 

For  first  internal  contact  we  have  L'  =  difference  of  semi-dia- 
meters =  967",  (/•  =  14°  47'  42",  and  the  correction  to  assumed  time  is 
2m.  34'2  sec.  Therefore  Eastern  standard  time  first  internal  contact  is 
lOh.  57m.  21-8sec.  a.m. 

For  last  contact  we  assume  2h.  20m.  after  conjunction,  at  which 
time  we  have 

c  =  2" -647  S-'  =  0"-005 

,  =  3"-086  r/  =  0"-003 

y  =  634"-7  y'  =  2"-45 

;/=754"-23        /  =  -  5"-64 
</'  =  16°  33'  19", 
and  the  coin-ection  becomes  Im.  ISsec.  to  be  subtracted 

(2h.  20m.  —  Im.  ISsec.)  +  6h.  54m.  47sec.  =  9h.  13m.  29sec. 
Greenwich    mean   time  ;  or  Eastern  standard  time  of  last  contact, 
4h.  13m.  2 9 sec.  p.m. 

Last  internal  contact  occurs  4h.  llh.  oOsec.  p.m. 

Mr.  Lindsay  then  reviewed  the  chapter  in  Newcomb  &  Holden's 
"  Astronomy  "  on  the  solar  parallax  as  determined  from  observations  of 
the  transit  of  an  inferior  planet,  and  sketched  the  method  by  which  the 
final  equations  are  reached,  involving  the  errors  of  the  ephemeris  and 
the  Sun's  parallax. 


TWENTIETH  MEETING. 

October  16th  ;  IVIr.  E.  A.  Meredith,  LL.D.,  in  the  chair. 

Miss  May  Bambridge  was  elected  an  active  member  of  the  Society. 
On  motion  of  Mr.  G.  E.  Lumsden  and  Mr.  Thomas  Lindsay,  The  Meaford 
Astronomical  Society  was  formally  enrolled  as  a  body  in  affiliation  with 
the  Astronomical  and  Physical  Society  of  Toronto  under  the  terms  and 
conditions  proposed  by  the  Council  and  accej)ted  by  the  Meaford  Society. 
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Ml-.  J.  Todhunter  addressed  the  meeting,  refening  to  tlie  death  of 
Mr.  Stephen  Huebner,  an  active  member  of  the  Society  since  the  year 
of  incorporation,  and  one  who  had  been  at  all  times  most  assiduous  in 
furthering  its  interests.  Mi\  Huebner  had  been  for  some  time  before 
his  decease  residing  in  Montreal,  and  some  of  the  members  who  had 
but  lately  become  associated  with  the  Society  had  not  met  him,  but 
those  who  remembered  Mr.  Huebner  in  Toronto  knew  of  the  zeal  he 
had  always  displayed  in  the  cause  of  science  arjd  education  gen- 
erally. Several  members  present  recalled  the  pleasant  associations 
enjoyed  with  the  deceased.  It  was  resolved  to  communicate  with  the 
relations  of  the  deceased  in  Europe  and  acquaint  them  of  the  Society's 
regret  at  his  loss. 

Mr.  Arthur  Harvey,  in  the  course  of  a  discussion  on  the  subject  of 
sun-spots,  referred  to  the  supposed  rotation  of  these  objects,  and  asked 
whether  any  member  had  ever  oliserved  this.  Mr.  A.  Elvins  stated  that 
he  had  on  one  occasion  particularly  observed  the  turning  round  of  a 
sun-spot,  and  had  communicated  the  observation  to  the  Astronomical 
Register.  It  was  seen  also  by  one  other  observer  in  England,  and  has 
been  referred  to  by  the  editor  of  "Webb's  Celestial  Objects."  Mr.  G. 
G.  Pursey  described  a  very  simple  method  which  the  amateur  might 
adopt  to  determine  the  dimensions  of  sun-spots.  The  image  of  the  Sun 
is  projected  on  a  screen,  so  that  it  covers  a  disc  of  a  certain  diameter. 
The  part  covered  by  a  group  of  spots  may  then  be  measured,  and  will 
very  approximately  bear  the  same  pi-02Dortion  to  the  disc  as  the  linear 
breadth  of  the  group  to  the  Sun's  diameter,  which  latter  is  known. 

Mr.  Z.  M.  Collins  presented  two  silver-on-glass  specula  of  6-in.  and  4-in. 
diameter  respectively,  which  he  had  constructed.  Mr.  Collins,  who  was 
warmly  congratulated  on  the  success  of  his  work,  announced  his  inten- 
tion of  continuing  the  work,  with  a  view  to  the  construction  of  still 
larger  mirrors,  and  thought  that  reflecting  telescopes  might  be  very  suc- 
cessfully introduced  among  Canadian  observers.  He  had  followed  essen- 
tially the  method  described  by  the  late  Dr.  Henry  Draper,  and  was 
indebted  also  for  some  valuable  hints  on  silvering  to  Dr.  J.  A.  Brashear, 
of  Allegheny. 
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Mr.  Thoraus  Lindsay  then  read  tlie  following  paper 

ON    A    LENS     FOR     ADAPTING     A     VISUALLY     CORRECTED     REFRACTING    TELE- 
SCOPE   TO    PHOTOGRAPHIC    OBSERVATIONS    WITH    THE    SPECTROSCOPE, 

V>3'  Professor  James  E.  Keeler,  D.Sc,  of  Allegheny,  Pa.,  Director  of  the 
Allegheny  Observatory,  and  a  corresponding  member  of  the  Society. 

Everyone  who  has  any  familiarity  whatever  with  the  telescope  knows 
that  the  so-called  achromatic  objective  is  by  no  means  exactly  what  its 
name  implies.  The  differently  coloured  rays  from  a  star  are  not  accu- 
rately united  in  a  single  point,  as  they  would  be  by  a  parabolic  reflector, 
but  are  converged  to  different  foci,  distribvited  along  the  axis  over  a  line 
of  considerable  length.  The  lenses  of  a  visual  telescope  are  so  figured 
that  the  brightest  rays  are  brought  as  nearly  as  possible  to  the  same 
focus,  while  in  the  photographic  telescope  the  rays  unitfed  are  those  which 
most  actively  affect  the  ordinary  dry-plate.  Every  visual  objective  made 
of  two  lenses  has  a  minimum  focus  for  the  brightest  rays  of  the  spectrum 
in  the  yellow  or  greenish-yellow  (the  position  of  the  minimum  varies 
somewhat  for  different  instruments),  the  focus  of  all  other  rays  being 
outside  this  point.  The  most  widely  aberrant  rays  are  the  violet,  whick 
do  not  greatly  affect  the  eye. 

Thus  the  image  of  a  star  formed  by  the  brighter  rays  is  surrounded 
by  a  violet  halo  of  outstanding  colour,  well  known  to  all  observers  with 
the  telescope.  It  is  not  specially  conspicuous  \\\th.  small  instruments, 
but  becomes  positively  offensive  in  one  of  the  great  refractors  of  modern 
times,  at  least  to  perceptions  which  have  not  become  blunted  by  custom. 
The  observer  who  habitually  uses  one  of  these  great  telescopes  leai-ns  to 
disregard  the  secondary  spectrum,  and  after  a  while  is  hardly  aware  of 
its  existence,  but  the  colours  around  a  bright  object  are  invariably  noticed 
at  once  by  the  novice,  who  expresses  his  admiration  for  what  the  astrono- 
mer regards  as  a  defect.  A  well-known  observer  once  remarked  to  me, 
while  we  were  testing  a  remarkably  fine  reflector  by  Brashear,  that  if  he 
should  accustom  himself  to  the  use  of  such  an  instrument  he  would  never 
b(!  able  to  tolerate  the  images  seen  in  a  refi'actor. 

To  diminish  the  effect  of  chromatic  aberration,  the  astronomers  of 
the  seventeenth  century  gave  their  single  objectives  a  very  great  focal 
length.  In  our  modern  great  telescopes  we  notice  a  tendency  of  the 
opticians  to  revert  to  this  practice,  as  the  focal  length  of  such  a  telescope 
is  generally  something  like  nineteen  or  twenty  times  the  aperture 
instead  of  fifteen  times,  which  is  the  usual  ratio  for  small  instruments 
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The  distribution  of  foci  in  the  axis  of  a  telescope  is  best  iUustrated  by 
the  "  colour-cm-ve,"  which  is  a  curv^e  representing  the  focal  length  of 
the  objective  as  a  function  of  the  wave-length  of  light.  It  can  be  com- 
puted if  the  constants  of  the  olijective  are  known  with  sufficient  exact- 
ness (which  is  seldom  the  case),  or  it  may  be  determined  by  observation 
with  a  spectroscope.  In  No.  9  of  the  Publications  of  the  Astronomical 
Society  of  the  Pacific,  I  gave  a  popular  account  of  the  latter  method,  and 
its  application  to  the  case  of  the  Lick  telescope.  Figure  1  is  the  colour- 
curve  platted  from  the  data  there  published.  The  objective  is  supposed 
to  be  about  51  feet  distant,  directly  below  the  curve,  so  that  the  lowest 
point  of  the  curve  represents  the  minimum  focus.  It  will  be  noticed 
that  the  minimum  focus  falls  at  about  /  5650,  that  the  B  and  F  lines  of 
the  spectrum  are  united,  and  that  the  focuS  for  the  extreme  violet  rays 
is  some  eight  centimetres  or  more  than  three  inches  beyond  that  of  the 
D  line. 

The  colour-curve  of  any  other  modern  telescope  w^ould  be  quite 
similar  to  that  shown  in  the  figure  ;  the  difference  would  be  mainly  in 
the  scale,  or  in  the  lengths  of  the  ordinates,  which  would  be  pretty 
nearly  proportional  to  the  length  of  the  telescope.  The  observer,  having 
continually  in  mind  the  form  of  the  colour-curve,  can  readily  understand 
all  phenomena  depending  upon  the  chromatic  aberration  of  his  objective, 
and  in  the  case  of  a  large  telescope  they  are  sometimes  curious  and 
interesting. 

Large  telescoi)es  are  sometimes  provided  with  a  third  lens,  called  a 
photographic  corrector,  which  is  ]ilaced  over  the  visual  objective  to  adapt 
it  to  photographic  purposes.  The  colour-curve  of  the  combination  has  a 
minimum  near  the  hydrogen  line  Hy,  where  the  photographic  action  is 
greatest.  At  the  same  time  the  focal  length  of  the  telescope  is  consider- 
ably shortened. 

However  annoying  the  chromatic  aberration  of  a  great  telescope  may 
be  in  visual  observation,  it  is  found  to  be  still  more  objectionable  when 
the  attempt  is  made  to  photograph  the  uppei-  part  of  a  star  spectrum 
with  a  spectroscope  adjusted  in  the  focal  "plane"  of  the  telesco])e.  The 
difficulty  then  encountered  will  be  readily  understood  from  a  considera- 
tion of  the  colour-curve.  To  take  the  case  of  the  Lick  telescope,  suppose 
that  the  slit  of  the  spectroscope  is  in  the  focus  for  the  Hy  rays.  It  is 
then  36-8  millimetres  beyond  the  focus  for  H^  and  33-3  millimetres 
inside  the  focus  for  Hii.     The  cone  of  rays  corresponding  to  the  former 
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lino  liai*  a  diameter  of  l-9mm.  where  it  is  intersected  by  the  slit-plate, 
and  that  of  the  Ho  rays  has  a  diameter  of  TTmrn.  As  the  slit  is  only 
about  one-fiftieth  of  a  millimetre  wide,  very  few  of  these  rays  can  enter. 
The  spectrum,  instead  of  being  linear  and  of  nearly  uniform  intensity 
between  Hfi  and  //o,  is  very  narrow  at  Hy,  widens  rapidly  on  both 
sides  of  that  line,  and  falls  off  very  rapidly  in  intensity.  Hence,  only 
an  extremely  short  range  of  the  spectrum  can  receive  the  proper  exposure. 
Not  only  is  the  extent  of  the  photograph  thus  greatly  lessened,  but 
reliable  estimates  of  the  relative  intensities  of  lines  are  made  almost 
impossible.  These  difficulties,  which  are  so  readily  understood  when 
pointed  out,  are  perhajw  fully  realized  only  by  one  who  has  actually 
attempted  to  make  the  photographs. 

It  is,  therefore,  highly  desirable  to  find  some  way  of  changing  the 
chromatic  aberration  of  a  visual  telescope,  so  as  to  unite  the  photo- 
graphically active  raj's.  We  have  seen  that  this  end  can  be  attained  by 
the  use  of  a  specially  corrected  third  lens,  but  the  photographic  corrector, 
besides  being  expensive,  shortens  the  focus  so  greatly  that  the  spectro- 
scope cannot  be  placed  iti  the  proper  position.  In  the  case  of  the  Lick 
telescoi)e  the  focus  is  inside  the  tube,  about  nine  feet  above  the  eye  end, 
where  it  is  inaccessible  for  spectroscopic  purposes. 

What  is  required,  therefore,  is  a  small  lens,  which,  placed  in  the  cone 
of  rays  from  the  large  objective,  will  effect  the  desired  change  in  the 
colour-curve.  Such  a  lens,  it  may  be  observed,  would  be  useless  for 
ordinary  celestial  photography,  as  the  distortion  at  a  short  distance  from 
the  axis  would  be  very  great.  For  stellar  spectroscopy,  however,  a  field 
two  or  three  hundredths  of  an  inch  in  diameter  is  quite  sufficient,  and 
the  question  of  distortion  need  not  be  considered. 

In  photographiag  star  spectra  with  the  Allegheny  refractor,  the 
difiiculties  already  mentioned  naturally  forced  themselves  on  my  notice, 
and  led  me  to  consider  what  form  should  be  given  to  a  correcting  lens 
that  would  facilitate  the  observations.  Some  of  the  results  which  I 
have  reached  are  given  in  the  rest  of  the  present  article.  Although  the 
considerations  are  simple,  I  have  not  been  able  to  find  anything  in  print 
on  the  subject,  probably  because  it  is  only  quite  recently  that  the 
necessity  for  a  device  of  the  kind  referred  to  hius  arisen.  I  believe, 
however,  that  correctors  of  some  kind  are  actually  in  use,  but  do  not 
know  whether  they  are  satisfactory.  I  have  been  told  that  one  of  them 
<X)nsists  of  a  thick  spherical  shell  of  glass  with  short  radii,  the  convex 
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surface  being  turned  toward  the  objective.  A  little  consideration  will 
show  that  the  effect  of  such  a  shell  is  in  the  proper  direction,  and  it 
might  answer  for  a  small  telesco])e,  but  the  thickness  of  glass  required 
in  the  case  of  a  large  telescope  would  be  too  gi-eat.  I  have  seen  the 
suggestion  somewhere  that  a  plate  of  glass  of  sufficient  thickness  would 
eflect  the  desired  change,  but  this  is  evidently  a  mistake,  for  the  action 
of  such  a  plate  is  just  the  reverse  of  what  is  necessary. 

Although  in  what  follows  I  have  employed  the  approximate  formulae 
for  lenses,  in  which  the  thickness  of  the  glass  and  the  spherical  aberra- 
tion are  neglected,  the  results  are  quite  sufficiently  accurate  for  the 
purpose,  which  is  to  determine  the  best  general  form  of  correcting  lens. 
It  would  hardly  be  worth  while  to  make  a  more  accurate  computa- 
tion, since  this  would  in  any  case  have  to  be  repeated  for  the  special 
kinds  of  glass  used,  and  for  the  particular  telescope  under  consideration. 
I  have  chosen  for  illustration  the  case  of  the  Lick  telescope,  because  its 
colour-curve  is  known.  The  other  data  required  are  the  refractive 
indices  of  crown  and  flint-glass,  and  these  I  have  taken  (to  four  decimal 
places)  from  the  tables  of  Hopkinson.  The  "dense  flint  "  of  the  tables 
is  nearly  the  same  as  the  glass  of  a  prism  in  my  possession,  which  is 
only  slightly  coloured.  The  following  table  contains  all  the  necessary 
data.  In  the  column  under  "colour-curve"  are  given  the  distances  in 
metres  of  the  different  foci  of  the  great  telescope  from  a  point  on  the 
axis  one  meti-e  above  the  focus  for  the  F  line  : — 


1-1    cc 

REFRACTIVE    INDICES. 

COLOUR-CURVE. 

Hard  Crown. 

Dense  Flint. 

Distance  of  Focus 
from  Lens. 

B 

C 
D2 

E 

b4 

F 

Hv 

h 

1-5136 
1-5146 
1-5171 
1  5203 
1-5210 
1-5231 
1  -5280 
1  -5309 

1-61.57 
1-6175 
1-6224 
1-6289 
1  -6302 
1  -6347 
1  -6453 
1-6518 

ni. 
1  -0000 
0-9939 
0-9886 
0-9905 
0-9914 
1  -0000 
1-0368 
1-0701 

The  lens  may  be  placed  in  the  cone  of  rays  at  any  convenient  point. 
We  shall  flrst  sujjpose  that  it  is  placed  one  metre  above  the  focus  for  the 
F  line,  in  which  case  its  aperture  must  be  (at  least)  53mm, 


94  The  Astronomical  and  Physical  Societij  of  Toronto. 

In  Older  to  make  the  spectrum  of  a  star  linear  at  Hy,  which  is 
the  line  most  used  for  photographic  determinations  of  motions  in  the 
line  of  sight,  it  will  probably  be  sufficient  to  unite  the  rays  F  {Hii)  and. 
h  {Hd) ;  at  least  we  are  not  likely  to  jfind  a  more  promising  condition  in 
the  beginning.  The  problem  is,  therefore,  to  find  a  lens  which,  placed 
one  metre  above  the  focus  for  the  F  line,  will  unite  the  rays  F  and  h  at 
some  point  on  the  axis. 

Let  us  first  take  the  case  of  a  single  lens.  Since  the  h  rays  must  be 
deviated  moi'e  than  the  F  rays  in  order  that  both  may  meet  at  the  same 
point,  the  lens  must  be  convex ;  further,  since  it  is  desirable  to  produce 
this  dispersive  effect  with  the  least  change  of  refraction,  the  lens  should 
preferably  be  of  flint-glass.  The  formulae,  which  are  only  first  approxi- 
mations, tell  us  nothing  about  the  shape  of  the  lens,  or  relation  between 
the  radii  of  its  surfaces.  It  is,  however,  easy  to  see,  on  general  prin- 
ciples, that  the  best  form  is  very  nearly  a  plano-convex  leus,  with  the 
curved  surface  turned  toward  the  objective. 

Let  u  be  the  distance  from  the  lens  at  which  the  two  rays  are  united, 
V  and  v  the  distances  from  the  lens  of  the  foci  for  F  and  h  respectively, 
as  given  in  the  table.  If  the  point  whose  distance  is  u  is  regarded  as  a 
source  of  light,  the  F  and  h  rays,  after  refraction  by  the  lens,  would 
appear  to  diverge  from  points  whose  distances  are  respectively  v  and  v. 
Hence,  u  and  v  are  conjugate  foci  for  the  F  rays,  and  u  and  v  are  con- 
jugate foci  for  the  h  rays. 

The  general  equation  connecting  the  conjugate  foci  of  a  thin  lens,  the 
refractive  index,  and  the  radii  of  the  surfaces,  is 


V  u  \  r  s  / 


in  which  all  lines  measured  from  the  leus  toward  the  source  of  light  (at 
u,  in  this  case  toward  the  focus  of  the  objective)  are  positive.* 
If  the  lens  is  plano-convex,  r  =   cc,  and  the  formula  becomes 

1  1    _  _  /I—  1 

V  u  s 

If  the  symbols  in  this  formula  are  regarded  as  referring  to  the  inline,  we 
may  write  for  the  h  line, 

v'  u  s 

*  According  to  this  convention,  the  focal  length  of  a  convex  lens  is  negative. 
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■and  since  it  is  the  same  in  both  cases, 

1  ,a  —  1  _     1  //  —   1  1  1     _  ;/  _  It 

V  s  v'  S  ''  V  v'  s 

From  the  table  of  data  we  have 

!J.  =  1-6347,  //  =  1-6518,  v  =  1-0000,  v'  =  1-0701, 
and    substituting   these    values    we    find    for   the   radius   of    the   lens, 
^  =  +  0"2611  metres. 

For  the  focal  length  of  the  lens  (for  the  F  line) 

s 


f=  - 


I'.-  1 

we  find  f  =■  —  0-4113  metre.  The  focal  length  for  the  h  line  is 
—  0-4005  metre.  The  distance  u  of  the  j)oint  at  which  the  rays  are 
iinited  is  given  by 

u  V  / 

and  is  found  to  be  0-2915  metre. 

We  now  wish  to  obtain  the  form  of  the  colour-curve,  as  modified  by 
the  correcting  lens.  To  do  this  we  substitute  successively  for  v  the 
■values  in  the  last  column  of  the  table  of  data,  and  compute  the  corres- 
ponding values  of  u,  using  for  each  ray  its  ap])ropriate  index.  The 
■values  of  u  so  obtained  are  the  distances  of  points  on  the  modified  colour- 
curve.     The  results  are  given  in  the  followins:  table  : — 


LINE. 

h 

V 

u 

m. 

m. 

B 

1-6157 

10000 

0-2978 

C 

1-6175 

0-9939 

0-2966 

D2 

1  -62-24 

0-9886 

0-2945 

E 

1  6-289 

0-9905 

0-2925 

b4 

1-6302 

0-9914 

0-2922 

F 

1  -6347 

1  -0000 

0-2915 

My 

1-6453 

1-0368 

0-2910 

h 

1-6518 

1-0701 

0-2915 

The  resulting  colour-curve  is  shown  in  Figure  2,  which  is  di-awn  on 
the  same  scale  as  Figure  1.  It  shows  an  enormous  advantage  over  the 
latter,  not  only  for  the  part  of  the  spectrum  considered  in  its  determi- 
nation, but  for  the  lower  spectrum  as  well.     Nevertheless,  the  arrange- 
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ment  is  impracticable,  foi-  the  following  reasons  : — In  the  first  place,  the 
focus  of  the  telescope  is  shortened  about  0'7  metre,  which  would  make 
the  focal  plane  inaccessible,  with  the  ordinary  construction  of  the  eye 
end  of  a  telescope  tube.  In  any  case,  the  change  of  focus  would  be 
extremely  inconvenient.  In  the  second  place,  the  convergence  of  the 
cone  of  rays  would  be  increased  from  1:19  to  1  :  5'53,  which  would 
necessarily  also  be  the  ratio  of  the  aperture  of  the  collimator  to  its  focal 
length.  With  a  given  effective  aperture  the  collimator  would,  therefore, 
have  to  be  very  short,  a  construction  which  is  very  disadvantageous  in 
every  respect ;  it  would,  moreover,  be  difficult  or  impossible  to  make  a 
snfl&ciently  good  collimator  lens  with  such  a  very  large  angular  aperture. 

A  correcting  lens  placed  two  metres  above  the  focal  plane  of  the 
great  objective  would  have  an  aperture  of  105"3mm.  ;  its  focal  length 
would  be  l-591m.,  and  it  would  shorten  the  focal  length  of  the  telescope 
by  1-114  metres.  The  ratio  of  aperture  to  length  of  the  transmitted 
cone  of  rays  would  be  1  :  8'42.  A  lens  of  the  same  kind  placed  close  to 
the  telescope  objective  becomes  the  ordinary  photographic  corrector. 
The  greatest  shortening  of  the  focus  is  then  produced  ;  at  the  same  time 
the  angle  of  the  convergent  cone  of  rays  is  the  least  possible. 

It  appears,  therefore,  that  a  single  correcting  lens  is  not  a  practical 
arrangement ;  a  little  consideration  will  show,  however,  that  the  diffi- 
culties which  have  been  pointed  out  can  be  obviated,  to  some  extent  at 
least,  by  the  use  of  a  double  lens.  If  the  curvature  of  the  convex  flint 
lens  is  increased,  and  the  excess  of  dispersive  efiect  neutralized  by  a 
concave  lens  of  crown  glass,  the  superior  refractive  power  of  the  latter 
will  give  the  combination  a  greater  focal  length  than  that  of  the  equally 
dispersive  single  lens,  and  it  will,  therefore,  not  converge  the  rays  so 
strongly.  Whether  this  ])rinciple  of  construction  can  be  carried  so  far 
as  to  leave  the  focal  length  of  the  telescope  unchanged  is  a  question  we 
may  now  seek  to  determine.  As  before,  we  shall  regard  the  compound 
lens  as  placed  one  metre  above  the  focal  plane  for  the  F  line,  and  use 
formulae  which  hold  only  to  the  first  approximation. 

For  thin  lenses  in  contact,  the  relation  between  the  conjugate  foci 
and  the  focal  lengths  of  the  lenses  is  expressed  by  the  equation 

«  U  Jx  ft 

In  this  and  in  the  following  formulae,  quantities  relating  to  the 
crown  lens  will  be  indicated  by  the  subscript  1,  those  relating  to  the 
flint  lens  by  the  .subscript  2. 


1        r 
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x  =  <-'>er-i> 


if /ij  changes  to  <).^  +  J/'j,  the  corresponding  change  produced  in— ;-is 
and  in  the  srinie  way  the  alteration  of—.-  due  to  an  alteration  J/'o  of  //.o  is 

y-2 


\/2/  /'2    -    1  /2 


w  is  the  distance  of  the  point  at  which  the  /'and  h  rays  are  united  by 
the  lens,  and  hence  is  the  same  for  both.  The  total  effect  of  the  cliange 
in  the  refractive  indices  is,  therefore, 

\   V    J  /^l   —    i  J\  !J-2  —    t  /2 

If  the  symbols  in  the  formula  relate  to  the  F  line,  the  change  of  v^ 
to  satisfy  the  conditions  for  the  proposed  lens,  must  be  equal  to  the 
difference  between  the  ordinates  at  h  and  F  in  tiie  colour-curve  of  the 
objective. 

From  the  table  of  data  we  take 

IJ.I  =  1-5231,  J/7.1  =  -0078,  V  =  1-0000  for  the  /line. 
;j.o  =  1-6347,  J/-/..2  =  -0171,  V  =  1-0701  for  the  h  line. 

Also,  J — =  —  0-06551,  and  substituting  these  values  the  condition 

V 

becomes 

•014911       -026942  ^^„, 

— -, \ J. =  —  -OG.Jol. 

/I  /2 

If  we  wish  to  determine  the  lens  so  that  the  position  of  the  focus  for 

the  F  line  shall  remain  unchanged,  then  for  these  rays  the  lens  must  act 

like  a  thin  glass  plate,  and  we  have  the  further  conditional  =  — /»  . 

Combining  this  with  the  preceding  one, 

-014911        -02C942 


/i  fi 

from  which 

/i  =  -f  0-18365  metres 
/2  =  —  0-18365       " 
13 
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If  we  make  the  fiint  lens  double  convex  with  equal  radii,  and  the 
inner  surface  of  the  crown  lens  to  fit  the  flint,  the  radius  of  each  of  these 
surfaces  will  be  0"23o  metres,  and  the  i-adius  of  the  buck  concave  surface 
of  the  crown  lens  0-163  metres.  Such  a  lens  would  be  perfectly  easy  to 
make.  The  surfaces  in  contact  could  be  cemented  to  diminish  loss  of 
light  by  reflection,  and  a  lighter  flint  could  be  used  than  that  chosen  for 
illustration.  With  the  flint  lens  turned  toward  the  objective,  the  lens 
would,  moreover,  have  very  little  spherical  aberration,  although  deter- 
mined by  these  approximate  formulae. 

In  order  to  find  the  form  of  the  colour-curve  when  this  lens  is  placed 
in  position,  we  first  require  the  focal  lengths  of  each  lens  of  the  combi- 
nation for  different  rays  of  the  spectrum, — or  rather  the  reciprocals  of 
the  focal  lengths,  which  are  most  conveniently  obtained  by  means  of  the 
relation 

J__     1  !M     —    1 

/•  -  7^  •  'jF^^l 

■where  ?t\/\  are  respectively  the  refractive  index  and  focal  length  for  the 
F  line,  and  ?t,  f,  the  corresponding  values  for  any  other  line.  For  any 
one  line  of  the  spectrum  we  then  substitute  the  values  so  foiind,  together 
with  the  value  of  v  for  the  same  line,  as  given  in  the  table  of  data,  in  the 
equation 

J__    \ 1__    1 

and  find  u,  which  is  the  distance  at  which  the  same  rays  are  united  after 
passing  through  the  lens.     The  following  table  contains  the  results  : — 


1 

1 

1 

1 

LIXE. 

V 

u 

V 

yi 

/2 

u 

B 

1  -0000 

1-0000 

5-3464 

—5-2821 

0-9.357 

1-0687 

C 

0-9939 

1-0061 

5-3567 

—5-2976 

0-9470 

1-0560 

Do 

0-9SS6 

1-0115 

5-3S-27 

—5-3396 

0-9684 

1- 03-26 

E 

0-9905 

1-009G 

5-4160 

—5-3954 

0-9890 

10111 

bi 

0-9914 

1  -0087 

5-4234 

—5-4065 

0-9918 

1  -0083 

F 

1  -0000 

1  -0000 

5-4452 

—5-4452 

1  -0000 

1-0000 

H7 

1  -0368 

0-9645 

5-4962 

—5-5361 

1  -0044 

0-9956 

h 

1-0701 

0-9345 

5-5264 

—5-5919 

1  0000 

1-0000 

From  the  last  column  of  this  table  the  colour-curve  shown  in  Figure 
Z  has  been  platted.     It  is  obviously  much  better  adapted  to  photographic 
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^work  than  the  original  curve.  With  the  spectroscope  slit  in  the  focal 
plane  of  the  Hy  rays,  the  F  and  li  rays  would  be  only  4-6mm.  out  of 
focus.  The  spectrum  would  be  practically  linear  for  a  considerable  dis- 
tance on  each  side  of  Hy. 

In  practice,  the  lens  could  be  mounted  in  a  cell  provided  with  suitable 
adjusting  screws,  on  a  swinging  arm  within  the  telescope  tube,  so  that  it 
could  be  pushed  into  place  by  a  rod  projecting  through  the  tube,  and  held. 
centrally  by  adjustable  stops.  When  the  telescope  was  required  for 
ordinary  visual  observation,  the  lens  could  be  withdrawn  from  the  cone 
of  rays.  I  believe  that  in  the  future  a  lens  of  this  kind  will  be  regarded 
as  a  necessary  adjunct  to  every  large  refractor. 

Mr.  A.  Elvins  read  in  outline  a  paper  on 

METEOROLOGY. 

For  certain  phenomena  a  cosmic  origin  was  sought,  and  records  of 
observations  made  at  various  places  were  read,  tending  to  prove  that 
the  magnetic  needle  is  distui^bed  by  the  coming  into  the  atmosphere  of 
meteoric  matter.  This  being  established,  and  also  the  connection 
between  auroral  and  magnetic  disturbances,  Mr.  Elvins  proceeded  to 
give  his  reasons  for  believing  that  sun-spots  are  caused  by  the  inrush  of 
meteoric  matter  upon  the  Sun.  To  uphold  this  theory,  it  was  necessary 
not  only  to  account  for  the  periodicity  of  the  sun-spots,  but  also  for  the 
irregularities  of  this  periodicity.  The  former  was  held  to  be  due  to  the 
gravitating  influence  of  the  planet  Jupiter  in  drawing  meteoric  matter 
into  the  solar  system  from  outer  space  when  in  a  particular  part  of  its 
orbit.  The  irregularities  were  thought  to  be  due  to  the  fact  that 
Jupiter  would  at  times  be  aided  by  the  other  major  planets,  and  at  other 
times  would  exert  its  attractive  force  alone. 

Mr.  Elvins  held  that  the  motion  of  the  solar  system  in  space  is  an 
important  factor  in  this  investigation,  and  that  more  meteoric  matter  is 
encountered  from  the  direction  in  which  the  Sun  moves  than  from  any 
other.  Each  of  the  planets  must  cross  this  direction  once  in  a  revolu- 
tion, so  Saturn's  period  would  be  about  thirty  years,  Jupiter's  about 
twelve,  the  Earth's  one  year,  that  of  the  Moon  twenty-seven  and  one- 
third  days,  and  meteorological  changes  might  be  due  to  these  varying 
configurations.  As  much  research  and  comparison  of  data  would  be 
necessary  to  fully  establish  the  cosmic  origin  sought,  Mr.  Elvins 
announced  that  he  would  at  a  future  meeting  present  his  views  in  more 
extended  form. 
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TWENTY-FIRST  MEETING. 

October  SOtli ;  Mr.  J.  A.  Paterson,  M.A.,  Vice-President,   in  the 
chair. 

Mr.  Paterson  referred  feelingly  to  the  loss  sustained  by  the  Society  in 
the  death  of  Mr.  Charles  Carpmael,  M.A.,  F.R.A.S.,  etc.,  who  had  been 
President  since  the  date  of  incorporation.  The  high  attainments  of  the 
deceased  in  the  scientific  world  and  the  active  interest  he  had  taken  in 
this  Society's  work  so  long  as  his  health  permitted,  were  well-known  by 
those  who  had  had  the  pleasure  of  a  more  or  less  intimate  acquaintance 
with  him,  and  his  genial  personality  would  be  long  remembered.  He 
was  always  at  the  service  of  the  amateur  who  wished  to  consult  him 
upon  some  difiicult  subject,  and  was  known  to  be  a  most  conscientious 
critic,  quick  to  point  out  the  errors  into  which  the  beginner  in  scientific 
work  is  so  liable  to  fall,  but  always  ready  to  impart  information  gath- 
ered from  his  own  great  store  of  knowledge  in  physical  science.  Mr.  A. 
Elvins,  who  had  been  one  of  the  committee  which  had  waited  upon  Mr. 
Carpmael  in  1S90  to  ask  him  to  take  the  leadership  of  the  then  small 
society  about  to  be  incorporated,  paid  a  high  tribute  to  the  late  Presi- 
dent's zeal  and  kindly  desire  to  further  the  work  in  every  possible  man- 
ner. In  his  death  the  Society  lost  an  earnest  friend  and  an  accomplished 
astronomer  and  physicist.  Other  members  present  recalled  instances 
illustrating  Mr.  Carpmael's  unvarying  kindness  to  the  young  enquirer. 
The  Vice-President  appointed  a  committee,  consisting  of  the  gentlemen 
who  had  formed  the  nucleus  of  the  Society  in  1890,  to  prepare  a  suitable 
memorial  to  the  late  President. 

Ml-.  M.  Turnbull  presented  a  most  carefully  executed  diagram  illus- 
trating the  approaching  transit  of  Mercury.  Being  drawn  to  scale,  it 
showed  the  path  of  the  planet  across  the  Sun  and  its  position  at  stated 
intervals.  A  short  address  on  the  subject  of  the  transit  was  given,  after 
which  Mr.  Turnbull  was  asked  to  favour  the  Society  by  leaving  the- 
drawing  in  its  possession,  and,  having  consented  to  do  so,  was  warmly 
thanked  by  the  meeting. 

The  Chairman  then  announced  that  Mr.  D.  J.  Howell  would  exhibit 
on  the  screen  the  lantern  slides  in  possession  of  the  Society.  Many  of 
these  were  from  the  original  negatives  donated  by  the  Lick  and  Paris 
Observatories,   and   prepared   for   the   lantern    by   Mr.   Howell.     They 
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included  views  of  the  Moon  in  different  phases,  views  of  sun-spots  and 
faculfe,  and  of  many  of  the  nebulae  and  star  clusters.  A  most  interesting 
feature  was  the  exhibition  side  by  side  of  a  photograph  of  the  Sun's  corona 
as  seen  at  total  eclipse,  and  a  drawing  of  the  same.  A  photograph  of 
the  solar  prominences,  made  at  the  Kenwood  Observatory  by  Professor 
Hale,  was  much  admired  ;  this^was  taken  witliout  an  eclipse,  and  was 
considered  a  very  great  triumph  for  the  distinguished  observer.  Draw- 
ings and  photographs  of  the  Saturnian  system  were  also  highly  appre- 
ciated. A  vote  of  thanks  was  tendered  Mr.  Howell,  who  had  always 
been  most  painstaking  in  collecting  and  reproducing  whatever  could  be 
made  an  interesting  subject  for  exhibition. 


TWENTY-SECOND  MEETING. 

November  13th;  Mr.  John  A.  Paterson,  M.  A.,  Vice-President,  in 
the  chair. 

Mr.  John  Bertram,  of  Toronto,  was  elected  an  active  member  of 
the  Society. 

The  Committee  appointed  to  prepare  a  memorial  to  the  late  President 
reported  as  follows  :  — 

To  THE  Yice-President  and  Members  of  The  Astronomical  and 
Physical  Society  op  Toronto. 

Your  Special  Committee  appointed  to  consider  the  action  proper  to 
be  taken  with  respect  to  the  death  of  the  President  of  your  Society, 
begs  leave  to  report  as  follows  : 

Your  Committee  would  recommend  that  the  following  resolution  be 
inscribed  on  the  minutes  of  your  Society  : 

Resolved,  that  The  Astronomical  and  Physical  Society  of  Toronto  has 
learned  with  deep  sorrow  of  the  untimely  death  of  its  President,  Mr. 
Charles  Carpmael,  M.A.,  F.R.A.S.,  Director  of  the  Toronto  Observatory 
and  Superintendent  of  the  Meteorological  Service  of  Canada,  and,  in 
common  with  other  scientific  bodies,  deplores  the  loss  thus  sustained  ; 
that  this  Society  desires  to  pay  a  tribute  to  the  memory  of  one  who, 
apart  from  the  obligations  he  conferred  upon  it  as  a  whole,  endeared 
himself  to  many  of  its  members  by  the  willingness  he  always  displayed 
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in  assisting  to  remove  the  difficulties  which  the  Society  had  to  encounter 
in  its  Astronomical  and  Physical  work  ;  that  this  Society  gratefully 
acknowledges  the  readiness  with  whicli  Mr.  Carpmael,  at  an  important 
stage  of  its  existence,  acceded  to  its  request  to  become  its  presiding 
officer  and  to  lend  the  benefit  of  his  name  and  influence  in  opening  to  it 
avenues  by  which  it  could  come  into  official  relationship  with  similar 
bodies  in  the  Mother  Land  as  well  as  in  foreign  countries ;  that  it  was 
a  subject  of  equal  regret  to  this  Society  as  it  was  to  its  late  President 
that  the  state  of  his  health  precluded  his  regular  attendance  at  its 
meetings  and  prevented  him  from  giving  to  its  interests  that  personal 
supervision  which  it  would  otherwise  have  enjoyed  ;  that,  whether  pub- 
licly or  privately,  the  loss  to  the  genei'al  community,  of  a  citizen  pos- 
sessing such  natural  gifts  and  acquired  qualifications  as  Mr,  Carpmael 
possessed  is  greatly  to  be  lamented,  and  that  in  recording  its  sense  of 
this  loss  this  Society  begs  leave  to  tender  its  condolence  to  the  bereaved- 
family. 

All  of  which  is  "respectfully  submitted. 

(Signed)         A.  ELVINS,  Chairman. 

On  motion  of  Mr.  G.  G.  Pursey,  seconded  by  Mr.  Thomas  Lindsay, 
the  report  was  adopted  and  a  copy  ordered  to  be  engi'ossed  and  forwarded 
to  the  relatives  of  the  deceased. 

Eev.  C.  H.  Shnrtt,  M.A.,  addressed  the  meeting  on  the  subject  of 
appointing  a  successor  to  the  Presidential  chair,  and  nominated  Larratt 
W.  Smith,  Q.C.,  D.C.L.  Mr.  Arthur  Harvey  seconded  the  nomination, 
which  was  made  unanimous.  Dr.  Larratt  W.  Smith  was,  therefore,  de- 
clared elected  President  of  the  Society.     (Applause.) 

A  committee  was  appointed  to  assist  Mr,  G.  G,  Pursey  in  the  work 
of  compiling  a  complete  catalogue  of  the  works  in  the  Society's  library, 
which  had  assumed  very  lai-ge  proportions.  An  interesting  discussion 
followed  regarding  particular  branches  of  work  which  the  members  of  the 
Society  might  engage  in.  The  field  of  sidereal  astronomy  was  thought  to 
be  the  most  inviting  of  all,  and  arrangements  were  made  towards  the  pre- 
paration of  a  series  of  papers  in  which  all  might  take  part.  Mr.  Harvey 
wished  the  members  to  study  the  nebulaj  and  the  problems  connected 
■with  their  dimensions,  distances,  etc.  He  thought  it  was  an  open  ques- 
tion whether  the  nebulfe  or  stars  were  nearer  to  our  system. 

Reports  from  various  observers  were  then  received  on 


The  Astronomical  and  Physical  Society  of  Toronto.  103 

THE  TRANSIT  OF  MERCURY,  NOVEMBER  IOtH. 

Arrangements  had  been  made  to  send  telescopes  to  some  of  the 
public  sehools  of  the  city,  that  the  pupils  might  have  an  opportunity  to 
observe  the  phenomenon.  Mr.  G.  H.  Meldrum  and  Mr.  A.  Elvins  had 
placed  3-inch  refractors  at  Wellesley  School,  and  under  the  management 
of  Miss  A.  A.  Graj^.  very  satisfactory  observations  had  been  made  of  the 
planet  on  the  disc.  Messrs.  Michael  Bros,  had  placed  one  of  their  3-inch 
telescopes  l)y  Yion  Freros,  of  Paris,  at  the  York  Street  School  ;  two 
others  of  these  refractors  were  successfully  used,  one  by  Dr.  A.  D. 
Watson,  and  one  by  Mr.  C  T.  Gilbert,  who  had  taken  cliarge  of  the 
arrangements  at  the  Jesse  Ketchum  School.  ]Messrs.  Michael  Bros,  had 
announced  their  willingness  to  place  their  telescopes  at  the  service  of 
the  School  Board  on  any  special  occasions.  A  Gregorian  reflector  had 
been  sent  to  the  Ryerson  School  by  Dr.  AYatson,  and  also  a  small 
refractor. 

Mr.  G.  E.  Lumsden  had  observed  in  his  10-iuch  Newtonian  reflector, 
and  several  members  availed  themselves  of  the  Wilson  telescope  at 
the  residence  of  Mr.  J.  A.  Paterson.  The  sky  at  first  contact  was  so 
clouded  as  to  render  accurate  observations  impossible,  a  circumstance 
much  regretted ;  and  at  the  last  contact  the  Sun  was  buried  in  dense 
clouds.  During  the  day,  however,  many  observations  of  the  planet  had 
been  made.  Mr.  Lumsden  reported  having  distinctly  noted  a  bright 
halo  around  the  planet.  Messrs.  J.  and  T.  Clougher  had  observed  in  a 
3-inch  refractor,  and  made  several  sketches  of  the  planet  and  sun-spots 
at  different  hours. 

At  the  Toronto  Observatory,  Mr.  R.  F.  Stupart  had  made  eflfbrts  to 
note  the  contacts,  but  failed,  as  did  all  others  who  reported  from  Toronto 
and  vicinity.  In  anticipation  of  possible  cloudy  weather  at  the  transit, 
Mr.  F.  L.  Blake,  chief  observer  at  the  Observatory,  had  made  meridian 
observations  of  Mercury  at  the  Eastern  elongation,  and  was  successful 
in  noting  the  meridian  passage  of  the  planet  when  on  the  Sun's  disc. 
He  reported  the  following 

MERIDIAN    TRANSITS    OF    MERCURY. 

October  ISth. — Owing  to  the  low  altitude  of  ^Mercury  great  difficulty 
was  experienced  in  obtaining  transits  across  the  meridian  near  the  elon- 
gation ;  only  one  observation  wms  taken,  the  planet  being  very  faint 
and  unsteady.     The  transit  of  the  centre  was  taken  by  estimation  as  far 
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preferable  to  that  of  the  limb  on  account  of  its  tremulous  motion.  The 
following  is  the  result  for  October  18th,  1894,  giving  clock  time  of 
transit  of  centre  of  planet,  the  instrumental  errors  in  azimuth,  collima- 
tion  and  level  being  allowed  for. 

H.    M.        SEC. 

15  21  55-80 

16     6-80  clock  fast. 


15     5  49-00  R.  A.  of  Mercury  by  observation. 
15     5  49-33  R.  A.  of  Mercury  by  Almanac. 


0-33  difference. 
November    10th,    1894. — Transit  of  Mercury   across   the  meridian 
while  on  the  face  of  the  San. 

1st  Limb.  2nd  Limb. 

H.     M.        SEC.  H.     M.        SEC 

15  20  34-91.  15  20  35-75. 

Mean  of  the  two  gives — 

H.        51.        SEC. 

15     20  35-33    centre  of  Mercury. 

— 0-77    instrumental  corrections  for  azimuth,  coUima- 

[tion  and  level. 

15     20  34-56 

-16   26-43    clock  error. 


15       4     8  13     R.  A,  of  Mercury  by  observation. 
15       4     7-956  R.  A.  of  Mercury  by  Almanac. 


0-174  difference. 

The  above  transit  was  the  mean  of  9  wures  on  each  limb.  The  clock 
error  for  observations  may  be  taken  as  correct  within  the  limits  of 
i  0-025  sec. 

Reports  of  observations  from  other  stations  were  encouraging.  Mr. 
David  E.  Hadden,  of  Alta,  Iowa,  repoi-ted  as  follows  : — 

Mercury's  transit  across  the  disc  of  the  Sun  was  fairly  well  observed 
in  Alta.  The  morning  of  the  10th  o[)ened  with  the  sky  entirely  over- 
cast, with  light  snow  falling  and  a  very  strong  cold  wind  blowing  from 
the  North-west ;  about  9  a.m.  the  sky  partly  cleared,  so  that  the  Sun 
could    be    seen    at    intervals,    but    the  air   was  filled  with  flying  frost 
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particles,  which  entirely  prevented  accurate  observations  of  the  I.  and 
IT.  contacts.  Owing  to  the  atmospheric  conditions  ths  Sun's  limb  was 
in  a  "  boiling  "  condition,  and  when  the  planet  was  just  within  the  disc 
it  appeared  of  all  shapes  but  a  round  disc — being  lengthened  out  two  or 
three  times  its  diameter.  HoAvever,  I  noted  the  times  at  which  I  could 
detect  a  ring  of  light  between  the  limb  and  the  planet,  but  this  is  fully 
two  minutes  late,  which  will  serve  to  indicate  the  unsteady  air  I  had  to 
contend  wdth. 

Towards  noon  the  conditions  were  much  better,  and  definition  quite 
good ;  the  iiuage  of  Mercury  was  well  defined  and  sharp,  and  appeared 
of  a  uniformly  jet  black  colour,  without  any  lighter  markings  or  haziness. 
III.  contact  was  quite  carefully  observed ;  the  error  in  time  will  not 
exceed  one  or  two  seconds,  I  think.  At  IV.  contact  there  was  a  slight 
unsteadiness  of  the  Sun's  limb,  and  the  time  recorded  for  this  phase  is 
a  little  late. 

I  used  a  3-inch  Jena  glass  telescope,  diagonal  ey«-piece,  magnifying 
power  85.  Time  used  is  Central  Standard,  w'hich  was  compared  on  9th 
and  10th  with  noon  telegraphic  signals. 

Follovving  are  times  of  contacts  : — 

Central  Standard  Time.  Eemarks. 

H.        M.        SEC. 

I.  contact Could  not  observe  owing  to  unsteady  air. 

II.  contact..        9     59     45  Fully  2  m.  late  ;  unsteady  atmosphere. 

III.  contact . .        3     11     30  Quite  accurate. 

IV.  contact..        3     13     03  A  little  late. 

Dr.  J.  C.  Donaldson,  of  Fergtis,  Ont.,  reported  as  follows  : — 
I  managed  to  get  some  views  of  the  transit  of  Mercury  on  the  10th 
instant,  although  the  sky  was  very  cloudy.  I  was  unable  from  clouds 
intervening  to  see  the  first  external  contact  of  the  planet  with  the  Sun's 
disc,  but  with  a  low  powder  (50)  noted  the  time  of  the  first  internal  con- 
tact, which  by  my  watch  was  about  10.58  E.  S.  T.  I  was  not  able  to 
get  a  very  prolonged  view  owing  to  clouds  intervening  again,  until  the 
planet  had  got  some  little  distance  on  the  Sun's  disc,  about  11.05  E.  S.  T., 
when  I  was  for  a  very  short  time  able  to  use  a  higher  power  (130), 
which  showed  the  planet  quite  round  and  distinct-  to  my  sight.  Another 
person  who  was  present  stated  that  there  seemed  to  be  a  grayish  spot 
about  the  centre  of  Mercury  ;  this  I  did  not  notice,  and  it  might  arise 
from  the  fact  that  our  eyesight  is  diflerent,  my  eyes  being  near-sighted 

14 
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whereas  the  other  person  to  whom  I  reter  has  eyesight  requiring  convex 
lenses  to  correct  ocular  defects.  At  various  times  during  the  day 
Mercury  was  plainly  visible  in  my  small  finder  telescope  of  l-|-inch 
aperture,  power  7,  as  a  very  small  black  spot  on  the  Sun's  disc.  I  tried 
to  get  a  view  of  the  last  contacts  of  the  planet^with  the  Sun's  disc,  but 
was  unable  to  catch  either  the  last  internal  or  external  contact  in  conse- 
quence of  the  Sun  passing  along  behind  the  edge  of  a  bank  of  cloud  at 
4.13  p.m.  E.  S.  T.  I  got  a  glimpse  of  the  Sun  when  a  very  small  frac- 
tion of  the  disc  of  Mercury  could  be  seen,  which  had  wholly  disappeared 
when  I  got  the  next  glimpse  of  the  Sun  at  4h.  13m.  30sec.  E.  S.  T.  by 
my  watch. 

Mr.  J.  Connon,  of  Elora,  had  been  quite  successful  in  photographing 
Mercury  when  on  the  disc  of  the  Sun,  and  forwarded  several  prints, 
which  were  highly  appreciated. 


TWENTY-THIRD  MEETING. 

Nov.  27th  ;  Larratt  W.  Smith,  Q.C.,  D.C.L.,  President,  occupied 
the  chair.  On  taking  the  chair,  the  President  returned  thanks  for  the 
honour  of  election  to  the  office  rendered  vacant  by  the  death  of  Professor 
Carpmael,  and  paid  a  high  tribute  to  the  memory  of  the  deceased,  whose 
place  in  the  scientific  field  in  Canada  it  would  be  difficult,  indeed,  to 
fill.  Heferring  to  his  recent  extended  absence  from  Toronto,  Dr.  Smith 
read  some  interesting  notes  of  observations  made  in  various  places.  He 
had  been  particularly  impressed  with  the  beauty  of  the  Zodiacal  light 
as  seen  by  him  for  the  first  time  under  the  clear  skies  of  Florida ;  and 
also  with  the  brilliancy  of  the  auroral  displays  .as  observed  on  the  North 
Atlantic  seaboard.  While  in  England  rather  unfavourable  weather  for 
obsei'vation  had  been  experienced  ;  it  was  a  matter  of  congratulation  for 
Canadian  observers  that  they  have  many  more  nights  in  a  given  year 
when  telescopic  work  can  be  carried  on  than  can  possibly  be  hoped  for 
in  the  British  Islands.  The  President's  assurance  that  he  would  con- 
tinue to  take  an  active  interest  in  the  Society's  welfare  was  warmly 
received. 

Eor  the  office  of  Vice-Pi'esident,  rendered  vacant  by  the  election  of 
Dr.  Smith  to  the  Presidential  chair,  Mr,  E.  A.  Meredith,  LL.D.,  was 
nominated  and  unanimously  elected. 
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Mr.  A.  Elvins  reported  recent  observations  of  Mars.  He  had  been 
able  to  note  the  formation  of  the  snow-caj)  about  the' North  Pole  of  the 
planet.  Mi'.  M.  Winger,  of  Cleveland,  Ohio,  forwarded  some  interesting 
notes  on  observations  of  the  nnilluminated  part  of  tlie  disc  of  Venus, 
early  in  the  year. 

Mr.  Lindsay,  by  request,  then  read  the  following  paper,  contributed 
by  Mr.  S.  E.  Peal,  P.R.G.S.,  of  Sibsagar,  Asam,  India,  a  corresponding 
member  of  the  Society, 

ON  PROF.  WEIXCK's  ENLARGEMENTS  OF  THE  LICK  PHOTOGRAPHS  OF  LUNAR 

CRATERS.  , 

Soon  after  the  appearance  of  Professor  Weinck'.s  enUxrgements  of 
the  "  Lick  Photographs  "  of  Lunar  Cratei's,  specuhition  was  rife  as  to 
the  nature  of  the  fine  linear  markings  seen  on  many  of  them.  For  a 
short  time  the  view  was  hazarded  by  some,  that  they  might  possibly  be 
due  to  imperfections  in  the  photographic  film.  Others,  again,  suggested 
that  they  might  be  the  relics  or  markings  of  former  river  beds. 

At  the  present  time  neither  of  these  views  appears  to  have  found 
favour  with  astronomers  ;  their  nature  appears  so  far  to  be  unknown, 
though  it  is  genei'ally  conceded  that  they  are  real  markings  in,  or  on,  the 
Lunar  surface. 

On  examining  the  photographs  carefully  with  the  aid  of  a  large  hand 
lens,  we  find  that  there  are  several  singular  features  held  in  common, 
and  very  noteworthy  in  regard  to  these  fine  linear  markings — features, 
too,  which  can  be  grouped  under  quite  distinct  headings. 

Firstly,  there  seems  to  be  fairly  good  jiroof  that  most  of  them  are 
fissures,  cracks  or  crevasses,  in  the  outer  crust,  whatever  its  nature  may 
be,  and  this  is  demonstrated  by  the  fact  that  the  light  and  shade  (reveal- 
ing them)  fall  so  consistently  in  the  same  general  direction,  as  that  of 
the  light  falling  on  the  main  "crater"  or  "  walled  plain,"  near  which,  or 
on  which  they  lie.  If  in  a  percentage  of  them  the  direction  of  incident 
light  appeared  to  be  reversed,  this  test,  of  course,  would  not  hold  good  ; 
but,  in  the  great  majorit}'  of  cases,  the  light  falling  on  these  finer  lines 
so  closely  coincides  with  that  falling  on  the  main  crater,  that  it  becomes 
obvious  to  us  that  they  ai'e  real  fissures  or  crevasses  in  the  surface,  and 
hence  may  be  valuable  aids  in  elucidating  the  nature  of  that  surface. 

Secondly,  a  very  general  feature  in  regard  to  these  fine  linear  mark- 
ings or  fissures,  is  the  fact  that  they  pass  over  the  outer  detail  quite 
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regai'dless,  or  general!}^  regardless,  of  the  surface  modelling,  that,  like  the 
larger  and  well-known  fissux-es  called  "  clefts,"  they  impartially  cross 
hill  and  dale,  and  at  all  angles,  thus  disposing  conclusively  of  all  attempts 
to  attribute  their  oi'igin  to  river  action,  new  or  old.  In  other  words, 
they  are  not  structurally  related  to  the  local  peculiarities  of  the  present 
sui'facing,  but  are  obviously  a  later  feature. 

Thirdly,  their  modes  of  branching,  crossing,  or  junction,  are  very 
similar  to  those  of  the  larger  so-called  "  clefts,"  being  independent  of 
elevation.  The  junction  is  as  often  on  a  ridge  or  hill  top  as  in  a  valley 
bottom.  In  some  cases  there  is  a  very  marked  resemblance  to  a  river 
with  tribfttaries  falling  in,  but  instead  of  these  flowing  downwards,  as 
with  us,  they  look  as  if  the  river  and  its  tributaries  were  flowing 
up-hill. 

This  is  precisely  the  appearance  which  would  be  due  to  surface 
fissures  due  to  elevation  of  some  central  area,  and  this  view  it  is  neces- 
sary to  bear  in  mind. 

In  crossing  each  other,  we  also  notice  that  in  some  instances  a 
parallel  pair  of  fissures  will  quite  cross  another  one,  or  even  another 
pair,  a  feature  wliich  effectually  disproves  their  fluvial  origin. 

Last,  but  not  least,  there  is  a  distinctly  marked  tendency  to  a  general 
parallelism,  to  run  in,  or  mainly  in,  one  particular  direction,  i.e.,  to 
S.W.  or  N.E.,  cutting  the  lamparts  at  all  angles.  The  general  direction 
of  these  minute  fissures  in  or  near  Petavius,  Yendelinus,  and  Langrenus 
are  practically  identical,  with,  of  course,  occasional  exceptions. 

This  characteristic,  which  is  of  the  utmost  importance,  is  obviously 
not  entirely,  or  even  largely,  due  to  the  direction  of  the  light,  it  being 
favourable  to  their  visibility,  as  might  be  inferred  from  a  hasty  inspec- 
tion. There  actually  is  a  very  distinct  parallelism,  and  over  an  enor- 
mous area,  so  large,  indeed,  that  the  cause  must  be  either  deeply  seated 
or  very  widespread.  But  in  many  instances,  however,  there  is  such  a 
marked  contiguity  and  parallelism  that  it  has  caused,  or  at  least  intensi- 
fied, the  very  singular  vermiform  character  of  the  surfacing  seen  in  many 
2>laces,  as  to  the  East  of  Yendelinus  and  Langrenus. 

In  some  cases  this  repeated  parallelism  of  minute  fissures,  at  a  short 
distance  apart,  has  obviously  given  rise  to  well  defined  parallel  ridges, 
like  those,  for  instance,  crossing  the  oblong  elevation  on  the  Western 
side  of  the  floor  of  Yendelinus.  This  particular  instance  is  noteworthy, 
indeed,  for  another  reason  ;   i.e.,  in  it  we  see  what  looks  like  a  sequence 
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in  time — the  fissure  bordering  the  pair  of  ridges  to  the  S.E.  is  quite 
clear  aud  distinct,  the  other  two  fissures  presumably  having  become 
closed.  As  the  closing  of  the  larger  fissures  called  •'  clefts  "  has  occa- 
sionally been  suspected,  this  would  be  another  feature  tending  to  show 
that  these  fine  markings  and  "  clefts"  were  of  the  same  chai'acter,  i.e., 
crevasses. 

Now,  bearing  in  mind  the  several  peculiarities  above  noted,  as  we 
look  over  these  beautiful  photo  enlargements,  what  do  they  suggest  to 
us ;  what  legitimate  conclusions  may  we  draw  from  theni  in  regard  to 
the  nature  of  and  cause  of  these  markings  aud  the  character  of  the  lunar 
surface  generally  ? 

In  the  first  place,  they  appear  to  be  "  gapes,"  or  linear  fissures,  in 
the  outer  crust,  minute  '•  clefts  "  in  fact,  and  in  that  case — -like  the  well- 
known  group  of  "  clefts  "  on  the  incline  near  Plinius — must  be  due  to 
lateral  movement  of  the  oibter  layers  of  the  crust.  If  they  are  fissures, 
and  demonstrably  not  river  beds,  there  is  little  or  no  option  left  to  us, 
except  to  view  them  as  gapes  or  crevasses,  due  to  lateral  movement. 
Whether  this  latter  is  due  to  contraction,  caused  by  dessication,  or  to  a 
slow  movement,  as  in  our  crevassed  glaciers,  it  matters  not.  The  thing 
to  realize  is,  that  they  are  due  to  lateral  movement  of  the  surface  layers  ; 
that  over  a  vast  area  of  the  Lunar  surface,  at  least  from  S.  latitude  5° 
to  30^,  on  the  meridian  of  60°  W.,  this  lateral  movement  of  the  outer 
crust  is  in  one  general  direction:  either  to  the  S.W.  or  N.E.,  unless, 
indeed,  this  region  is  a  slightly  raised  one,  with  inclines  running  down 
East  and  West. 

On  our  Earth,  geologists  are  now  quite  familiar  with  vast  slow  lateral 
movements  of  the  crust,  due  to  cooling  and  contraction  of  the  nucleus, 
which  crumples  the  outer  strata  and  forms  all  our  mountain  systems.  It 
is  so  well  known  that  it  is  needless  to  detail  the  proofs  here. 

This  system  of  mountain  formation  by  lateral  pressure  seems  to  have 
ended  on  our  satellite  ages  ago,  and  to  have  been  succeeded  by  another 
of  a  totally  different  character,  resulting  in  small  and  large  piled  rings. 
From  "craters"  twenty  miles  in  diameter  to  the  great  "  walled  plains," 
100  and  even  150  miles  across,  or  even  to  the  circular  "seas,"  300  to 
700  miles  in  diameter,  around  which  we  noM^  find,  as  a  (structural) 
border,  the  greatest  ranges. 

But  there  are  not  wanting  proofs  that  the  era  of  mountain-ring  for- 
mation on  our  Moon  is  also  over,  and  that  another  era,  one  of  levelling, 
has  supervened  and  is  in  full  swing. 
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As  on  our  Earth  so  on  the  Moon,  the  ocean  floors  appear  to  be  the 
sites  of  slow,  permanent  subsidence.  On  or  around  the  lunar  "  seas," 
especially  marked  in  the  cases  of  Serenitatis  and  Humorum,  we  see  the 
proofs  of  this  subsidence  in  the  vast  tangential  crevasses  called  "  clefts." 

On  the  great  incline  S.W.  border  of  Serenitatis  we  see  the  proofs  of 
the  movement  oj"  the  surface  layers  down  the  incline  in  the  great  clefts 
near  Plinius  and  Dawes.  They  are  huge  gapes  or  crevasses,  and  the 
direction  of  movement  is  obvious — it  is  necessarily  at  right  angles  to  the 
line  of  fracture. 

But  what  does  all  this  teach  us,  or  suggest,  in  relation  to  the  exten- 
sive series  of  minute  fissures  over  the  region  from  Petavius  down  to 
Langrenus  1  Simply  this,  that  over  a  vast  area,  and  quite  regardless  of 
the  outer  features,  there  is  a  slow  drift  or  movement  of  the  surface 
layers  hi  one  general  direction,  at  right  angles  to  the  fissures,  and 
secondly,  that  this  movement  is  not  due  to  lateral  compression,  but  to 
its  opposite,  i.e.,  extension,  and  hence  is  a  result  of  gravitation,  as  in 
the  "crevasses"  of  terrestrial  srlaciers. 


TWENTY-FOURTH  MEETING. 

December  11th;  the  President,  Dr.  Larratt  W.  Smith,  Q.C.,  in  the 
chair. 

Mr.  E.  Tyson,  of  Toronto,  was  elected  an  active  member  of  the 
Society. 

Circular  No,  41,  from  the  Wolsingham  Observatory,  was  read, 
announcing  the  discovery  of  a  very  red  8th  mag.  IV.  Type  star,  not  in 
D.M.     Position,  R.  A.  17h,  54-3m,  ;  Decl,  +  58°  14'  (1900). 

The  subject  of  the  possibility  of  there  being  forms  of  life  on  other 
planets  having  occasioned  considerable  discussion  in  the  periodicals  of 
the  day,  the  chairman  was  requested  to  read  the  exhaustive  article  by 
Sir  Robert  Ball,  published  in  the  Fortniglitly  Review,  and  dealing  with 
this  question.  The  paper  was  discussed  by  several  members  present. 
Mr.  John  A.  Paterson  agreeing  with  the  writer  on  many  points,  outlined 
the  reasons,  apart  from  the  purely  physical,  for  believing  that  the  uni- 
verse really  teems  with  life,  Mr,  Elvins  and  Mr,  Lindsay  took  excep- 
tion to  the  view  that  upon  large  planets  pigmy  forms  must  exist  and  on 
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small  globes  gigantic  forms.  They  held  that  there  was  but  one  argu- 
ment required  to  show  that  this  was  erroneous  :  upon  this  globe  we  have 
all  forms  of  life  from  the  monad  to  the  huge  pachydei'm,  and  they  all 
seem  to  enjoy  life  to  the  utmost.  It  is  true  that  the  energy  which  each 
form  possesses  depends  upon  the  proportion  it  bears  to  the  Earth  itself ; 
but  it  is  quite  impossible  to  point  to  any  one  form  and  say  it  is  better 
adapted  for  its  work  than  may  be  another  for  what  it  may  be  destined 
to  accomplish. 


TWENTY-FIFTH  MEETING. 

December  27th  ;  Mr.  Arthur  Harvey  in  the  chair. 

Mr.  J.  F.  Lash,  of  Toronto,  was  elected  an  active  member  of  the 
Society. 

A  communication  from  Messrs.  Poole  Bros,  was  received,  announcing 
the  publication  of  their  map  of  the  Moon.  Some  notes  were  received 
from  Dr.  J.  C.  Donaldson,  of  Fergus,  on 

STAR    OBSERVATIONS. 

Last  evening  (the  17th  instant)  was  very  fine  here  from  about  9 
until  11.30  o'clock,  and  as  it  was  the  only  fine  night  we  have  had  here 
for  a  very  long  time  I  took  out  my  glass  to  try  some  difficult  stars  with 
rather  close  small  companions,  some  of  them  supposed  to  be  variables. 
The  first  one  I  tried  was  k  Geminorum,  a  very  difficult  star  for  a  small 
glass.  I  have  never  before  been  able  to  see  the  comes  to  k  steadily,  but 
last  night  I  succeeded  in  seeing  it  very  distinctly  and  steadily  with  the 
full  aperture  of  my  glass,  3|  inches,  using  the  75  power.  I  then  tried 
the  group  (t  Orionis,  and  saw  seven  stars  in  the  group,  the  10-3  (or  11 
as  it  is  sometimes  called)  magnitude  star  being  quite  bright  and  dis- 
tinct. The  same  was  the  case  with  I  701,  ^750  {I  754  near  :  Orionis), 
/y*  Orionis  and  o  Geminorum,  all  the  companions  to  these  stars  appearing 
quite  sharp  and  distinct ;  also  30  Tauri,  another  difficult  star,  which  I 
had  only  seen  once  before.  I  then  tried  some  of  these  stars  with  aper- 
ture contracted  to  2|  inches,  but  could  not  catch  any  of  the  companions 
except  those  of  o  Geminorum  and  2'  701,  I  then  tried  an  ajDerture  of 
27  inches,  and  with  this  aperture  could  see  seven  stars  in  group  d  Orionis 
and  the  companions  to  30  Tauri,  (^  Orionis,  I  754,  I  750,  d  Geminorum, 
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and  I  701,  but  could  not  be  cert:\in  of  the  coines  to  k  Geminorum, 
although  1  glimpsed  it  once  or  twice,  but  did  not  see  it  shai-plj  and 
steadil}"  as  I  did  with  the  full  apex'ture  of  3J,  inches.  From  my  observ^a- 
tions  of  these  stars  I  do  not  think  there  is  any  reasonable  ground  to 
suspect  that  any  of  the  companions  are  variable.  With  small  glasses 
they  may  be  seen  if  the  air  is  very  good,  but  if  the  air  or  the  glass  is 
inferior,  then  the  companion  fails  to  show  uj).  Ex.  Gr.  I  have  noticed 
that  when  I  could  see  the  companion  to  1'  754  nicely,  I  had  not  much 
difficulty  with  the  10'3  magnitude  comes  to  cr  Oriouis ;  but  if  the  air 
was  not  good  enough  to  show  the  companion  to  1'  754,  then  1  might 
look  in  vain  for  the  10 '3  magnitude  comes  of  <?  Orion. 

Mr.  G.  E.  Lumsden  read  an  extract  from  a  letter  received  from 
Professor  James  E.  Keeler,  to  whom  a  question  regarding  the  Orion 
nebula  had  been  referred  : — "  My  spectroscopic  observations  (and  those 
of  Mr.  Campbell,  which  are  substantially  the  same)  merely  show  that 
there  is  no  spectroscoj)ic  evidence  that  the  trapezium  stars  are  in  the 
Orion  nebula.  They  may  be  anywhere  in  the  line  of  sight,  either  on 
this  or  on  the  other  side  of  the  nebula.  According  to  the  earlier  obser- 
A'ations  (notably  those  of  Hugains),  the  nebular  lines  were  bright  in  the 
trapezium  stars,  and  the  star  lines  blended  with  the  nebular  lines,  which 
would  indicate  that  the  stars  were  actually  within  the  nebula.  It  seems 
to  me  probable  that  such  is  actually  their  position  ;  there  is  simply  no 
sjjectroscojnc  evidence  in  favour  of  this  view.  Taking  the  evidence  of 
every  kind  into  account,  the  distances  of  the  stars  and  of  the  nebulte 
are  probably  of  the  same  order." 

Mr.  A.  Elvins  by  request  gave  a  short  account  of  the  discovery  of 
the  5th  Satellite  of  Jupiter,  and  read  extracts  from  correspondence  with 
Mr.  O.  E.  Cartwright,  of  Detroit,  who  had  announced  an  observation  of 
the  shadow  of  a  5th  satellite  before  the  discovery  of  the  satellite  itself 
by  Professor  Barnard  at  Lick  Observatory. 

The  following  paper,  contributed  by  J.  Morrison;  M.A.,  M.B.,  Ph.D., 
of  Washington,  D.C.,  was  received  : — 

SPECIAL  PERTURBATIONS. 

The  orbit  described  l)y  a  body  moving  round  a  centre  of  force  which 
varies  inversely  as  the  square  of  the  distance,  is  a  conic  section,  that  is, 
a  circle,  an  ellipse,  a  parabola  or  a  hyperbola,  but  in  the  case  of  a  single 
planet,  it  is  an  ellipse  with  the  Sun  in  one  of  the  foci — and  the  radius 
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vector  describes  equal  areas  in  equal  times.  The  true  place  of  such  a 
body  at  any  time  is  easily  found  hy  applying  the  elliptic  inequality  or 
"equation  of  the  centre"  to  its  mean  place,  or  that  which  it  would  have 
if  it  moved  uniformly  with  its  mean  motion  in  a  circle  whose  radius  is 
equal  to  the  semi  major  axis  of  its  orbit.  When  another  body  is  added 
to  the  system,  the  equable  description  of  areas  no  longer  exists ;  each 
body  distui'bs  the  motion  of  the  other,  and  tlie  computation  of  the  trvie 
place  of  either  becomes  a  problem  of  prodigious  difRculty — it  is,  in  fact, 
"  the  famous  problem  of  three  bodies  "  which  has  severely  taxed  the 
analytical  skill  of  mathematicians  since  the  discovery  of  the  law  of 
universal  gravitation.  The  computation  of  perturbations,  even  in  its 
mo.st  simple  form,  finds  no  place  in  our  ordinary  treatises  on  general 
or  practical  astronomy  ;  in  fact,  we  must  refer  to  the  writings  of  the 
most  distinguished  votaries  of  astronomical  science  for  a  full  development 
of  the  subject — to  the  works  of  La  Place,  La  Grange,  Euler,  Le  Yerrier, 
Hansen,  Pontecoulant,  and  other  eminent  continental  mathematicians — 
work?  which  are  rarely  accessible  to  the  ordinary  astronomer.  In  this 
short,  but  very  imperfect  article,  we  purpose  to  develop  some  of  the  more 
important  formulae  for  the  computation  of  s])ecial  perturbations  and  to 
make  an  application  of  them  in  the  case  of  one  of  the  secondarj'  planets, 
and  in  order,  too,  that  the  ai'ticle  may  be  as  complete  in  itself  as  prac- 
ticable, we  shall  first  deduce  from  elementary  pilnciples,  the  general 
formuljB  of  both  disturbed  and  undisturbed  motion. 

Take  any  fixed  plane  passing  through  the  centre  of  gravity  of  the 
Sun,  as  the  plane  of  reference,  the  centre  of  gravity  of  the  Sun  as  the 
oi-igin,  X,  y,  z,  the  co-ordinates  of  a  planet  or  comet,  r  its  radius  vector, 
k"^  the  mass  of  the  Sun,  and  ink-  the  mass  of  the  planet — m  will  then  be 
the  ratio  of  the  planet's  mass  to  that  of  the  Sun,  and  let  x',  y',  z',  r',  and 
m'k- HenotQ  similar  quantities  for  a  second  planet;  x",  y",  z",  r",  and 
m'k-  those  of  a  third,  and  so  on.  Again,  let  5,  r^  and  C  be  the  co-ordi- 
nates of  the  centre  of  gravity  of  the  Sun  referred  to  any  fixed  point  in 
space,  the  co-ordinate  planes  of  the  latter  system  being  j.-arallel  to  those 

of  »,  y  and  z,  respectively.   The  attraction  of  m  on  the  Sun  will  be  ~4,"', 

and,  if  we  resolve  this  force  along  the  axes,  we  shall  have  the  three 
components, 

X  If  '^ 

mk"  ~,  mk-  -  ,    and   mk-  Ar 
15 
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since  — ,  ^—  and  —  are  the  direction  cosines.     Tiie  action  of  w'  on  the 
r       r  r 

Sun  will  be 

m  k^  —~,  m  k-  ~  and  rn  k'  — nr 
?•  ^  r^  7-  * 

and  similarly  for  the  action  of  m"  and  nil  the  other  bodies,  whatever  the 

number  may  be.     Therefore,  the  combined  action  of  all  the  bodies  of  the 

system  on  the  Sun,  resolved  in  directions  parallel  to  the  co-ordinate  axes, 

will  be 

-^  -^  +  -'^^  ^  +  -"^'^  ^  +  ■  .  •  •  =  ^•-^^■> 

mk^  4  +  ,^'F  J/;  +  ,fk^.  ^ +....=  r-i'^y 

,.3  ,.'3  ./'3  ^3 

Now,  in  order  that  the  entire  system  may  be  at  rest,  we  must  have 

^:  -  X-2  v'-^  =  0  ;  ^,  -  .^2  v-2/  ==  0  /ii:  -  FJ"?  =  0  ,         (1) 
dt'  r^  '    dt'  r^  '    dt-  r^  ^   ' 

Let  J   denote  the  distance  of  m  from  vi  ;  A'  its  distance  from  m" 

and  so  on,  then  will  the  combined  attraction  of  the  bodies  m,  m,  etc., 

on  m  be 

khn'        W-m  m' 

and  this  resolved  parallel  to  the  co-ordinate  axes  gives 

k'-lm'"'^,  fS^I.^'l^,  F-W?^ 

because    — - — ,    j —    and  j —  are  the  direction  cosines. 

The  attraction  of  the  Sun  on  7n,  resolved  in  the  same  directions,  is 

—  ^"—5- J   — ^^^^  a^d   — k^—Ti 

because  the  Sun's  force  tends  to  diminish  the  co-ordinates  x,  y  and  c, 
therefore  the  combined  action  of  all  the  other  bodies  of  the  system  on 
•?H,  is 

_  __  +  A.  -m        _,3 

_1      I      7.2  ^",^1  \  ' 

.-3 
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but  the  co-ordinates  of  tn  referred  to  t\iQ  fixed  origin  are 

I  +  ic,  //  -f  y  and   ':  +  z 
therefore  we  must  have 

d^-=      d^x  _       k^x  (■'•'  -  a;) 

d^r^         dhj  khj  {y'  -  y) 

_ rf"5     (i"'/7         ,  tZ-^ 

Jblimiuatinoj  -rr  5    -r-r   ^i^d  -^r-r  bv  (1)  we  "at 
°  dt'  '   df^  dfi     •'    ^  '         ° 

-which  are  the  equations  of  disturbed  motion  in  which  the  symbol  of 
summation  2'  ap^olies  to  the  masses  and  co-ordinates  of  the  bodies  which 
act  on  m,  exchiding  the  Sun. 

By  a  simple  transformation  the  second  members  of  (3)  may  be  put 
in  a  more  convenient  form  ;   (4)  thus  let 
a__J!^(l       rco^  +  y'y  +  ~A  m       /I       xx' +  yy"  +  zz"\   , 

and  differentiate  with  respect  to  x,  and  we  have  for  tlie  partial  differ- 
ential co-efficient 

\dx)       1  +  ?/i  \      J-  f^.c       r'7  "^  1  +  //i  \      J'-^  'd^~7y   '^    

but  J2  =  {x'  -  xfl+  {y    -  yf  +  (^'  _  ~)2 
and  J'2  =  (x"  -  xf  +  (tf  -  yf  -f  (s"  _  ^)2 

dx  ~  J     '  l/a;  "^  J'~ 

therefore  we  easily  find 

(d6\  _       m       /x  —X  _^\    ,        in        /  x   —  x        x"  \ 
dx) - 1  +  7H  V  j^  ~ 7V "^  r+^  ^~j^^      r^^j  +  .... 

and  similarly  for  the  partial  differential  co-efficients  with  respect  to  y 
and  z.     Therefore,  equation  (3)  may  be  written 
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If  the  second  members  of  (5)  be  neglected,  we  shall  have  the  equa- 
tions of  undisturbed  motion  ;  hence,  it  follows,  that  the  second  members 
express  the  difference  between  the  action  of  the  Sun  on  m  and  of  the 
other  bodies  m'  and  m",  etc.,  on  the  same,  resolved,  of  course,  in  direc- 
tions parallel  to  the  co-ordinate  axes. 

The  integration  of  the  equations  of  undisturbed  motion,  viz.,  eq.  (5) 
when  the  second  members  become  zero,  introduces  ,six  arbitrary  con- 
stants, which  are  the  elements  which  determine  the  motion  of  m  around 
the  Sun  ;  but  when  the  disturbing  forces  are  taken  into  account,  these 
constants  of  integration  or  elements  of  the  orbit  are  no  longer  constant, 
but  become  variable,  and  their  variations,  which  are  generally  very  small, 
are  called  perturbations.  These  constants  or  elements  are  Jl,  the  mean 
anomaly  at  any  given  epoch  ;  -,  the  longitude  of  the  perihelion,  or 
instead,  w,  the  distance  from  the  node  of  the  orbit  to  the  perihelion ;  i2, 
the  longitude  of  the  ascending  node  ;  i,  the  inclination  ;  e,  the  eccen- 
tricity, and  a,  the  semi  axis  major  of  the  orbit. 

The  quantity  6  is  called  the  Pertu7'bative  Function  of  Planet- 
ary Motion.  This  function  is  usually  developed  into  a  converging 
series  proceeding  in  ascending  powers  of  the  eccentricities,  inclina- 
tions, and  some  function  of  the  mean  anomalies,  so  as  to  include  an 
indefinite  number  of  revolutions,  and  its  final  integration  will  then  give 
what  are  called  absolute  or  general  perturbations.  If,  however,  the 
eccentricities  and  inclinations  ai'e  very  great,  as  is  sometimes  the  case 
with  comets  and  some  of  the  asteroids,  and  if  also  the  ratio  of  the 
mean  distances  from  the  Sun  of  the  distui'bed  and  disturbing  bodies 
exceeds  "75,  this  development  is  no  longer  jjracticable,  and  we  must  tlien 
have  recourse  to  methods  of  approximation  known  by  the  name  of 
mechanical  quadrature,  by  which  we  determine  the  variations  of  the 
elejgents  from  one  epoch  to  another.  This  latter  metliod  is  applicable 
in  every  case,  and  may  be  used  with  advantage  even  where  the  deter- 
mination of  the  absolute  perturbation  is  possible  ;  it  is  known  as  the 
method  of  special  perturbations,  and  is  the  one  which  we  propose  to  pai'- 
tially  develop  in  this  paper. 
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In  order  to  facilitate  the  development  of  the  perturbative  function, 
it  is  put  in  the  following  form  : — Considering  only  two  planets,  the  dis- 
turbed and  disturbing — and  we  can  only  consider  two  at  any  one 
operation — we  have  from  (4) 


e 


m        /I        xx  -\-  yy'  -\-  zz'\ 
^  1  +  m  \J  V'  } 


Let  the  axis  of  X  pass  through  the  common  node  of  the  orbits  of  m 
and  m,  i  the  angle  between  the  orbits,  v  and  v'  the  distances  of  m  and 
VI  from  the  common  node,  and    V  the  angular  distance  between  them 
then  in  polar  co-ordinates  we  shall  have 

X  =  )•  cos  V  X  =  r'  cos  v' 

y  =^  r  sin  v  cos  i  u'  =  '>''  sin  v' 

c  =:  r  sin  v  sin  i  o'  =  0 

therefore 

1         r  (cos  V  cos  v'  -f  sin  v  sin  v'  cos  ^)\ 


0 


m'      /I    _ 
~  1  +  ?/i  \  J 

711      /I    —  r  cos  V\ 
=  1  -f  m  \  J  72        J 

:= -    (r-  —  2rr  cos  [    +  r  -  )      " ' 

By  putting  1  —  2  sin^  1  i  in  the  place  of  cos  i  and 

cos  {v  +  ^')  —  cos  C^''  —  ^)  =  Y  and  sin-  1 1  =  v; 
the  above  becomes 

0  =  -— \  (y-^  —  2rr'  cos  (u'  —  y)  +  r'-  —  2rr'  /vj)-*  — 

^    (cos  {V'  -   ^•)  +  /-■/;)    I 

=  r+7;,  I  (-^1  -  2'-^V'/)-^  -  ^  (cos  (.'-  t')  +  n)  I 


?h'       (        — .V         r 

=  rn —  1^1     "  — ^  cos  (v'  —  v) 

+  rr'rr,  ^J^-S-   ^-j 


(6) 


-• } 

Where  we  put  Ji  =  r-  —  '2n-'  cos  (v  —  v)  -f  ?-'2  . 
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The  development  of  the  several  terms  of  (7)  will  form  the  subject  of 
a  subsequent  paper,  and  we  will  now  return  to  the  consideration  of 
special  perturbations. 

For  any  epoch  t^,  let  M^,  -^,  9.^,  i^,  a^,  and  e^,  represent  the  elements 
of  the  orbit  of  the  planet  whose  perturbations  are  required.  After  an 
tnfinitesmal  interval  dt,  the  planet  will  begin  to  describe  a  new  orljit 
whose  elements  will  differ  slightly  from  the  former  which  are  called  the 
osculating  elements,  because  they  represent  an  orbit  which  touches  the 
disturbed  orbit  at  the  assumed  epoch.  The  osculating  elements  are 
constant,  while  those  of  the  disturbed  oi'bit  vary  continually.  Let  the 
osculating  orbit  be  taken  as  the  fundamental  plane,  and  let  0  denote  the 
angle  which  the  projection  of  the  disturbed  radius  vector  on  the  plane 
of  xy,  makes  with  the  axis  of  x  and  /  the  latitude  of  the  disturbed 
planet  with  respect  to  this  same  plane  ;  then  a;,  y,  z  denoting  the  co- 
ordinates of  the  body  at  any  interval  t^  -f  dt  we  shall  have 
jc  =  r  cos  }.  cos  0 

y  ^  r  cos  I  aiw  d  (8) 

and  z  =  r  sin  /. 

Let  the  forces  represented  by  the  second  members  of  (5)  be  denoted 
by  X,  Y  and  Z  respectively,  then  (5)  may  be  written  thus 

d^ 

dt 

Erom  the  first  and  second  of  these  we  find 

d^V  d^x 

x-^—  y-r^  =  '^^  —  ^y,  and  integrating 

«^  ^ 2/^  =/(^^  -  ^y)  dt  +  C.  (10) 

Differentiating  the  first  and  second  of  (8)  we  have  after  substituting  in 
(9)  and  combining  with  (8) 

7-2  cos2  ;.  ^  =y (  Yx  -  Xy)  dt  +  C. 

Now  let  P  represent  the  com])onent  of  the  disturbing  force  along  the 
disturbed  radius  vector  and  Q  the  component  perpendicular  to  it  and 
parallel  with  the  plane  of  xy,  then  we  have 


J-  +  A-2(l  +  "07.^  =  ^ 
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r-  cos  -}.  -,r  =  fQr  cos  hit  +  C. 


X  =  —  Q  sin  0  and   Y  =  -{-  Q  cos  0  and   Fx  —  Xt/  =:  Qr  cos  / 
therefore 

do 

dt 

When  the  disturbing  force  becomes  0,  both  Q  ond  /  become  zero  and  we 
have 

r-  —  =  C  =  twice  the  area  described  in  a  unit  of  time 
dt 

=  hpj.  (1  +  m)h 

where  ^j^  is  the  semi-i)arameter  of  the  undisturbed  orbit.     Therefore  we 

have  finally 

r-  cos  -A  — -  =fQr  cos  '/.dt  +  Ay^  (1  -f  '«)^  (li) 

which  is  the  difievential  equation  of  the  longitude. 
From  (9)  we  also  find 
1    _  o:d-x  +  ydhj  -f  zd-z       A--  (1  +  m)        ^,  .^•      ,    „  y      ,     ^  s 

^r-^ -+-  :^ =  ^i-  -f-    1    -f-  Zt  • 

r  dt-  r^  r  r  r 

=  P, 
the  component  of  the  disturbing  force  in  the  direction  of  the  distui'bed 
radius  vector. 
But 

xdh:  +  yd^y  +  zdh  =  d  (xdx  +  ydy  +  zdz)  —  (dc,^  +  dy'^  +  dz"-) 
Differentiating  (8),  substituting  and  reducing  we  get 
d'^r  ^.dO-^  rf/2        /.■■^(1  +  »A 

d^- ''  ^^^  '^7^  -  ^7/.3  +  —7?^' = ^       (1^') 

which  is  the  differential  equation  of  the  radius  vector. 
From  the  last  of  (9)  we  have 

d:^z                  W'  (1  +  m) 
-^=^ -? ^  (13) 

which  is  the  difierential  equation  of  the  heliocentric  latitude. 

We  also  have  sin  /  =  -  . 
r 

We  must  now  determine  the  values  of  P,  Q  and  ^  in  equations  (11), 

(12)  and  (13),  but  before  this  can  be  done  the  position  of  the  orbit  of 

the  disturbing  planet  must  be  referred  to   the  fundamental  plane,   or 

that  of  the  disturbed  planet  at  the  epoch  t^.      In  the  spherical  triangle 

formed  by  the  intersection  of  the  plane  of  the  ecliptic,  the  plane  of  the 

orbit  of  the  disturbing  body  and  the  fundamental  plane,  we  have  i'  and  {  , 
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the  inclination  of  tlie  latter  two  planes  to  the  ecliptic  respectively,  and 
9J  and  Q.^  the  longitude  of  their  nodes  with  reference  to  the  ecliptic,  or 
two  angles  and  the  included  side  to  find  the  remaining  parts  by  Napier's 
Analagies,  or  better  by  Delarabre's  equations,  that  is,  the  distances  n  and 
n  from  the  nodes  of  the  disturbing  and  disturbed  orbits  on  the  ecli])tic 
respectively  to  the  common  node  of  the  orbits  of  the  two  planets,  and  / 
their  inclination.  Then  if  /'  be  the  heliocentric  latitude  of  the  disturb- 
ing planet  referred  to  the  fundamental  plane,  0'  its  longitude  in  this 
plane  from  the  axis  of  x  and  u"  its  argument  of  latitude  with  reference 
to  same  j)lane.      We  shall  have 

tan  (p'  —  n)  =  tan  tv   cos  / 

tan  /.'  =  tan  /  sin  {0'  —  ii)  (14) 

and  if  u  denote  the  argument  of  latitude  of  the  disturbing  planet 
referred  to  the  ecliptic,  then 

u'  =  xi  —  n 
These  formula   determine  il'  and  then  0'  and  /'  from  (14).     Now,  let 
X ,  y ,  z  denote  the  co-ordinates  of  the  disturbing  planet  referred  to  the 
plane  of  the  disturbed  at  the  epoch  t^,  then  we  have 
x  =  r'  cos  /.'  cos  0' 

y  =  /  COS  /.'  sin  0'  (15) 

z   =  r  sin  /.' 

X  II  z 

Also  P  =  .Y—  +  Y~'L  +  Z  — 

r  r  r 

but     x= F  (1 +  ,„)(;-!)  =i»,«(^-f) 

Substituting  the  values  of  x,  y,  z  given  by  (8)  and  the  values  of  x' ,  y\  z' 
given  by  (15)  in  the  above,  we  find 

-r^       ,.,,/!           1   \    .         ■/          '       7o     ,  r  cos  >^.  cos  ^ 
X  =  k''  in  I  ~-v ^  I  r  cos  /  cos  0  —  A-  7n  -^ 

V  „     ,/l  1   \    '         -'•/)'        7"     ,  ?•  cos ;.  sin  (? 

Y  =  k^  m  I  —3  —  —,3-  I  r  cos  /.  sm  0  —  k-  m  -^ 

r  sin  X 


Y  =  /c- 


(16) 


/I  1   \    ,    .     .,        70     ,»*  si] 

Z  =  A;2  7n  l-^  —  -^j  r  sui  /  —  /.-  m  —j 


Multiplying    these    respectively    by   the    values    of  —  ,   —  and   — 
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deduced  from  (8)  aud  adding  we  tiiid  after  some  easy  reductions  are  made 

/ 1  1  \  r 

P  =  khn'r'  I- A  (cos  /'  cos  /.  cos  (O'  —  O)  +  sin  /'  sin  /)  —  k-ia  -    (17) 

Resolving  the  components  X  and   Y  perpendicular  to  the  disturbed 
radius  vector  and  parallel  to  the  fundamental  plane,  we  have 

<2  =  rf  -  xf , 

r  r 

1/  oc 

therefore,  multiplying  the  first  aud  second  of  (IG)  by  —  -  and  —  i-espec- 

tively,  we  have,  using  the  values  of  -^—  and  —  as  given  by  (8) 

Q  =  ^^»^'(-^ 7^)  '■'  cos  /'  cos  ;.  sin  {0'  —  0)  (18) 

and  the  third  of  (16)  gives  the  value  of  Z.  When  we  substitute  these 
values  of  P,  Q  and  Z  in  equations  (12),  (11)  and  (13)  respectively,  we 
.shall  have  the  differential  equations  of  the  longitude,  radius  vector  and 
latitude  of  the  disturbed  planet  rigorously  determined.  If,  however,  we 
neglect  the  squares  and  higher  powers  of  the  disturbing  force,  that  is, 
small  quantities  of  the  second,  third,  etc.,  orders,  and  retain  only  the 
first  power  of  the  disturbing  force,  the  expressions  for  P,  Q  and  Z  assume 
a  similar  form.  Thus  the  latitude  /  is  always  extremely  small,  and 
therefore  we  may  without  any  appreciable  error  put  cos  A  =  1  and  sin 
2  =  0;  also  for  r  and  J  we  may  write  r^  and  J^,  the  values  that  belong 
to  the  osculating  orbit  or  that  which  the  disturbed  planet  was  describ- 
ing at  the  epoch  t^. 

Therefore,  we  shall  have,  with  the  above  restrictions, 

(1           1  \  r 
-^  \  cos  A'  cos  {6'  —  0)  —  Jc-m  -J-^ 

Q  =  k'-mr'  l-^ L\  cos  /.'  sin  {d'  —  0)  (19) 

Z  =  khn'r  ^—  _  -^  j  sin  ;/ 

The  distance  J  is  found  from 

J2  =  {x'  -  xf  +  {rj  -  yf  +  (^'  -  zY 
and  introducing  the  values  of  x,  x ,  etc.,  from  (8)  and  (15),  we  have 
j2  _  /2  _|_  ,.2  —  2r'r  cos  /.'  cos  ).  cos  {0'  —  6)  —  2r'r  sin  ?.'  sin  A 
or,  neglecting  terms  of  the  second  order, 
16 
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J^2  =  ,.'2  _j_  ,.^2  _  2r/  cos  ;.'  cos(^'  —  0)  (19  bis) 

1  3_ 

and  hence  — -  =(r'-  +  r^-  —  2?y'  cos  /'  cos  (0  —  B))     ' 

The  second  membei-  of  the  last  equation  may  be  developed  into  an 
infinite  series  by  the  ordinary  processes  of  plane  trigonometry,  but  in 
such  cases  we  fii'st  put  /  =  a ,  r^  =  a^,  Q'  =  l  and  Q  =  I ;  I  and  Z' 
denoting  the  mean  longitudes  nt  -\-  e  and  n't  +  ^'  of  ^^^  ^^^  planets, 
and  after  the  development  pass  to  the  case  of  elliptic  orbits  by  attri- 
buting to  the  quantities  a,  a^,  I  and  l',  the  increments  a^u,  a'//,  v  and  / 
respectively,  //.,  r/,  v  and  v'  being  very  small  quantities,  depending  on  the 
eccentricities  of  m  and  ni.  "Writing  a^  and  a  for  r^  and  r',  I'  and  I  for 
0'  and  6,  and  neglecting  for  the  jiresent  cos  /',  which  is  always  very 
nearly  equal  to  unity,  we  have  in  the  case  under  consideration 
J-3  =  (a^2  _  a^  _  2a^a  cos  {V  —  I))- i 


,  f  1         3^  /  «  V      3^-5 V  «  V      32-02-72  /  a  \e 

-(¥(i)^^^(ir- )--<-o 

+ I 

This  formula  is  generalized  thus 

J-^  =  iJ^CO  cos  r  (Z' —  0 
where  I  is  extended  to   all   integral  values   of  i,  positive  or  negative 
including  0,  and  ^(0  denotes  the  co-efficients  such  that  -4(-'')  =  ^W. 

The  development,  however,  is  practically  useless  unless  — is  a  small 

proper  fraction,  in  which   case  the  series  which   are  the  co-efiicients  of 
cos  {V  —  I),  etc.,  converge  rapidly  and  only  a  few  terms  may  be  taken 

for  an  approximate  value  of  the  expression.     But  if  — exceeds  i,  the 

series  converge  very  slowly  and  a  great  number  of  terms  is  required. 

It  is  for  this  reason  that  the  method  of  general  perturbations  in 
which  this  general  development  is  employed,  frequently  fails  to  give 
satisfactory  results. 
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The  differential  equations  (11),  (12)  and  (13)  represent  the  motion 
of  a  planet  or  comet  about  the  Sun  when  acted  upon  by  disturbing 
forces,  and  Avhen  integrated  give  the  values  Q,  r  and  z,  or  the  latitude,  at 
any  time  t,  but  they  cannot  be  integrated  directly,  and  therefore  we 
must  proceed  to  deduce  formula?  which  when  integi'ated,  vill  give  the 
values  of  the  perturbations  ^0  and  c?'- 

In  the  case  of  the  undisturbed  or  osculating  orbit,  equations  (11) 
and  (12)  become 

and  %_,,^+^114^)  =  0  ^'°* 

because  P,  Q  and  /  are  then  each  zero. 

Let  6  =  0^+  ^6  and  r  =  ?•"  +  dr  where  6  and  r  denote  the  longi- 
tude and  radius  vector  in  the  disturbed  orbit,  0^  and  r^  the  same  quanti- 
ties in  the  undisturbed  orbit  and  g0  and  g;-  the  perturbations  arising 
from  the  action  of  the  disturbing  force.     Then 

de_^di    cm 

dt         dt         dt 

^  'k  s/p^{\  -f  m)        dl% 
dt 
and  substit\iting  in  (11)  we  have 

?'u  dt       J 

whence  we  have 

^^  =    ,    \     fQr  cos  ;./,  _  A  -  ^oL_.\  ^Wv^^V^     (21) 
dt        r2  cos'^  ;.y    '  \         r-  cos-  //  r^-  ^     ' 

which  will  give  g0  when  integrated. 
Also, 

dh'       d-r        d'-or 
dr  =^  dr,  +  dor. nd^=-^+—      . 

which  substitute  in  (12)  and  we  find  with  the  aid  of  the  second  of  (20) 

-T-r- ^  P+  r  cos-  / 
dt^ 


■dB-  d/.^        ,,    ,  ,/  1  1   \  /dB.V,^^^ 


Put  k  \/pq(1  -t  m)  =  r^2h  and  since  r  =  o'^  -f  or  we  have 
1  1  7-2  -  r  2        2  or        rlr^-         2dr 


,.2 

'o 


=  ,7^  + 


r-j'-  '/-?■„       r'?- 
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because  we  can  neglect   ^    .,  being  an  infinitesimal  of  a  very  high  order 
and  therefore  from  (21)  we  have 

h  +  ~  I  r^  cos2  /.  =/Qr  cos  /.dt  +  r^-h 


=  r2cos2/^by(ll) 


and  hence 


..dO 
r  cos-  /  -^ 

dt: 


,,  =.(l-sm-x)^/.+-^j 


(23) 


Substituting  in  (22)  and  reducing  we  have 

dt^  dt  \dt  )  dl^  \  dt  J 

7-      ,    2F  (1  +  m)  .W 
It-or  -\ ^ — — 

'    'o 

Equations  (21)  and  (23)  are  j^erfectly  rigorous  ;  but  when  we  neglect 

the  squares  and  products  of  tlie  disturbing  forces  and  retain  only  terms 

of  the  first  order  of  small  quantities — which  we  generally  do,  especially 

in  the  first  approximation  or  when  extreme  accuracy  is  not  required — 

these  equations  become  considerably  simplified.     The  latitude  /  is  always 

small,  and  therefore  we  may  put  cos  /.  =  1  and  sin  /.  =  0 ;  again, 

T  -                 2o/-       5r2 
r^-=^  r  —  or,  and  hence  — -  :=  1 +    — — ■ 

andl-!^  =  ^  =  ^ 

r- 

approximately,  since  r^  =  r  very  nearly  ;  therefore  (21)  and  (23)  become 
ddQ  1     f  '2hdr 

dt  r.J    ^0  r 

d^dr         „    ,     2h    r^     ,     ,    /2^-2(l  +  m)        ,,,  \  ,  ^     ' 

In  the  practical  application  of  these  formulje,  dt  is  not  considered  an 
infinitesimal  but  a  definite  portion  of  time,  such  as  a  fi-action  of  a  day  or 
even  several  days.  Let  r  denote  this  interval ;  then  it  is  evident  that  in 
determining  oQ  from  the  first  of  the  above  equations  we  must  multiply 
each  term  by  r,  the  representative  of  dt,  but  as  the  first  term  of  the 
second  member  contains  the  integral y^?y/<,  it  will  be  necessaiy  to  form 
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the  quantity  ~'^Qi\,  which  whea  ditferentiated  and  then   put  under  the 

sign  of  integration  will  give  ■^/Qr^dt,  the  form  required. 

In  solving  the  second  equation  for  or,  we  must  multiply  each  term  by 

t2,  but  as  Qr^  in  the  second  term  of  the  second  member  is  supposed  to  be 

already  multiplied  by  r-,  it  will  only  be  necessary  to  multiply  the  integral 

2/i     r 

—  /  Qi\dt  by  r. 

The  integration  of  (24)  is  performed  by  the  aid  of  the  ordinary  formula? 
for  the  stimmation  of  finite  differences,  but  the  values  of  oO  and  8r  can 
be  obtained  with  equal  accuracy  without  them.  Equations  (24)  can  be 
solved  only  by  an  indirect  process,  since  the  unknown  quantity  or 
occurs  in  both  members  of  the  second  equation.  In  the  first  approxi- 
mation to  the  value  of  or,  the  last  term  must  be  omitted,  and  with  this 
approximate  value  the  last  term  can  be  conqnited  and  the  solution 
repeated,  when  a  very  accurate  value  of  or  will  be  obtained.  After 
a  few  consecittive  values  of  or  have  been  thus  found,  we  can  then 
anticipate  the  next  succeeding  value  of  or  with  sufficient  accuracy  to 
compute  the  second  member  of  the  second  equation,  and  then  the  value 
of  80  from  the  first  eqiiation. 

If  very  great  accuracy  is  demanded,  we  may  now  employ  (21)  and 
(22)  or  (23),  in  which  we  put  r  =  r^  +  or  and  perform  the  integration 
over  again.  With  this  value  of  r  we  also  determine  z  by  the  indirect 
process  from 

«&   _  ^  _  e  (I  +  m) 

and  thence  .     ,         z  z  ' 

r  /•„  +  or' 
When  the  perturbations  uQ,  or  and  oz  are  known  we  n  y  then  find 
the  magnitude  of  the  disturl;ed  orbit.  If  v  denote  the  true  anomaly  in 
the  disturbed  orbit  we  shall  evidently  have  from  the  infinitesimal  right 
angled  triangle  formed  by  the  projection  of  dO  en  the  fundamental  plane,. 
d/-  and  dv. 

dv^      h=^pi\  -\-m)        ,.  db'^   ,    f/;.2 

dt^  r*  dt^    ^    dt^ 

and  in  the  undisturbed  orbit  we  also  have 

dv^_  _  J^-Po  (1  +  ra)  _     2 

-drr-        ,.„*         -  '   • 

From  these  last  two  equations  we  find 
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^'~^y   h^    '     df'  ~    r*  '   h^  \ ''°'"'"   dt'    +    dt^  ) 


because 


dQ    _    dO,         d<W 


dt  dt  dt 

and  by  (20)  we  have 

d%         k         

'0 

From  (26)  j)  the  semi-parameter  of  the  disturbed  orbit  may  be  found. 

We  also  hav^e 

dv  _  k  y/p  (1  +  m) 

'di~  V^ 

and  from  the  equation  of  the  ellipse 

dr        r-e  sin  v     .  ,^         o\ 

~^r  =  where  p  =  a  [l  —  e- ) 

dv  2^  /  V  / 

whence 

and  also  e  cos  v  =  ~ 1    from  which  e  and  v  may  be  computed. 

We  then  have 

a  =  j—-^  ;  ,a  = ;  tan  -^  =  V  Hf^'"^  T"  ^^^^ 

and  M  ■=.  E  —  e  sin  E  where  11  is  the  mean  motion,  E  the  eccentric  and 
M  the  mean  anomaly. 

There  are  still  three  elements  of  the  disturbed  orbit  to  be  determined, 
viz.,  the  longitude  of  tlie  node  il,  the  inclination  i,  referred  to  the  Eclip- 
tic and  10  the  distance  from  the  node  to  the  perihelion,  or  if  -  denote  the 
longitude  of  the  perihelion  then  r  —  12  =  w .  Let  Q^  and  i^  denote  the 
longitude  of  the  node  of  the  osculating  orbit  on  the  Ecliptic  and  its 
inclination  to  that  plane  and  let  9''  denote  the  longitude  of  the  ascending 
node  of  the  disturbed  orbit  on  the  plane  of  the  osculating  orbit  measured 
from  the  same  origin  as  Q  and  /?  its  inclination  to  the  same  plane,  then 
from  the  right-angled  spherical  triangle  whose  base  is  0  —  t'- ,  its  per- 
pendicular /.  and  the  opposite  angle  /5,  and  hypothenuse  ?i'  where  ?t'  is  the 
argument  of  latitude  of  the  disturbed  planet  measured  on  the  osculating 
orbit — we  have,  by  the  ordinary  formulaj  of  Spherical  Trigonometry, 
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tan  xb   =  tan  (^  —  c'')  sec  ,?  . 
and  tan  ;3  sin  {ji  —  c'')  =  tan  ). 

Difl'erentiating  tlie  last  we  have 

tan  fl  cos  {\i  —  v')    ,  =  sec-  /.  — -- 
'at  at 


(29) 
(30) 


whence  tan  {Q  —  ^'')  =  i  sin  2/. 


J  sin  2/  / 


dO 

dt 

cU 
~dt 

dt 


.^) 


dt 


dt 


_  ^  sm2X/k^p^{i  + 


2      ^      V 

dt 


+ 


do6  \ 
dt  ) 


,  sin  21  /  .    ,    doO  \ 

=  ^-dry'  +  -dr) 


(31) 


dt 


from  which  (/'  may  be  found  and  then  u'  from  (29).  It  must  be  observed 
liere,  however,  that  sin  (6  —  V')  ^md  tan  /.  must  have  the  same  sign 
which  will  determine  the  magnitude  of  v'-,  and  also  u  and  Q  —  (p  must 
be,  of  course,  in  the  same  quadrant. 


In  the  diagram  let  EC,  ANP^  ,  and  BP  represent  portions  of  the 
ecliptic,  the  osculating  orbit  and  the  disturbed  orbit  as  projected  on  the 
celestial  sphere  and  let  Iv'IigN'  be  the  spherical  triangle  formed  by  their 
intersection  ;  also  let  P  be  the  position  of  the  planet  in  its  disturbed  or 
instantaneous  orbit  PB  at  any  time  t'  and  PP^  perpendicular  to  P^^N^A 
the  osculating  orbit,  and  Q  any  tixed  point  on  the  ecliptic  from  which 
the  longitude  9  is  reckoned.     Then  we  shall  have, 
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Q^Q  =  "0 '  *^^'^  longitude  of  the  ascending  node  of  the  oscuh^ting- 

orbit 
Q^'  =  9.^  the  longitude  of  the  ascending  node  of  the  disturbed 
orbit 
QN^-^  NN^=  (-'',  the  longitude  of  the  ascending  node  of  the  disturbed 
orbit  on  plane  of  the  osculating  orbit 
FJV^  —  ii! ,  the  argument   of  latitude    of    the   disturbed  orbit  in 

reference  to  the  plane  of  the  osculating  orbit 
PN'  =  u,  the  argument  of  latitude  in  reference  to  the  ecliptic. 
PPq  =  ;.,   the  latitude 
PNP^  —  fi,  the  inclination  of  the  disturbed  orbit  to  the  osculating 

orbit 
PN' E  =  i,  its  inclination  to  the  ecliptic 
and  JV^JS'^qN'  —  i^,  the  inclination  of  the  osculating  orbit  to  the  ecliptic^ 
then  we  shall  have 

P^I^  =  e  -  d'  i\"iV'  =  u-  u' 

that  is  in  the  triangle  ^¥3''^^"^  we  have  given  the  two  angles  JS^^  and  If 
and  the  included  side  A^^V^ ,  to  find  the  remaining  parts,  hence  by 
Delambre's  Equations  we  have 

cos  ^i  sin  1  (  (^  -  ^^')  +  (--  -  -^^o)  )  =  cos  1  (/„  -  p)  sin  l  (v'  -  P.,) 
cos  ^i  cos  K(u-  u')  +  {o  _  oj )  =  cos  h  {i,  +  ^)  cos  |  (v'-  -  i\) 
sin  It  sin  l{{u-  11)  -  {il  -  9,) )  =  sin  I  (/„  ~  ,5)  sin  i,  (<,'-  -  T.'J  ('^-'> 
sin  U  cos  I  ( (w  -  to')  —  {Q  -  ii^) )  =  sin  -|-  {i^  +  ,/5)  cos  J-  (9''  -  i>J 
from  which  we  can  find  i,  u  —  it  and  i2  —  ^2^  and  since  u'  and  i?^  are 
known,  it  and  fi  also  become  known  and  v  ha\ing  been  already  deter- 
mined from  (27)  we  have  w  =  m  —  y  and  -  —  w  —  Q,  and,  therefore,  all 
the  elements  of  the  disturbed  orbit  for  any  epoch  t  for  which  the  pertur- 
bations oQ,  or  and  dz  have  been  computed,  are  completely  determined. 
The  elements  are,  of  course,  referred  to  the  ecliptic  and  mean  equinox 
of  the  epoch  t^  to  which  the  osculating  elements  are  also  referred.  A 
check  on  the  accuracy  of  the  computation  may  be  had  by  computing  the 
heliocentric  co-ordinates  of  the  planet  for  the  epoch  to  which  the  ele- 
ments belong,  and  also  computing  the  same  co-ordinates  from  the  funda- 
mental osculating  elements ;  the  difference  of  the  two  results  should 
agree  exactly  with  the  computed  perturbations. 

We  will  now  deduce  the  formulae  for  the  variation  of  the  elements 
in  terms  of  the  quantities  already  computed,  and  for  this  purpose  it  will 
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l>e  necessary  to  refer  the  motion  of  the  disturbed  })]anet  to  tlie  plane  of 
its  disturbed  or  instantaneous  orl)it.  We  shall  then  have  /  =  o  and 
equations  (11)  and  (12)  become 

'•'  f  =  >■'"  +  ''  ^/^'^^^TT^'  (33) 

d'r  df)-'     ,    k'  (1  +  m) 

and r  -1-  — ^      , =  r 

dt^  dt'  r- 

in  which  Q  new  denotes  the  component  of  the  distui'bing  force  acting  in 
the  plane  of  the  disturbed  orl)it  and  at  righc  angles  to  the  radius  vector. 
The  effect  of  P  and  Q  on  the  orbit  is  to  vary  its  form  and  the  motion  of 
the  perihelion,  while  that  of  Z  which  acts  perpendicular  to  the  plane  of 
the  disturbed  orbit,  will  be  to  change  the  elements  which  fix  the  posi 
tion  of  the  orbit  in  space.  Let  L  denote  the  orbit  longitude  of  the 
planet  reckoned  from  a  point  whose  angular  distance  w  from  the  ascend- 
ing node  on  the  Eeli[itic  is  ecpial  to  the  longitude  of  the  node,  then  so 
long  as  we  consider  only  the  effects  of  the  com])onents  P  and  (>,  the  posi- 
tion in  space  of  the  orbit  will  remain  unchanged  and  we  shall  have 

if  =  il 
and  L  —  (f  ^  v  +  lo  ■=z  u 

If,  however,  the  position  of  the  node  is  changed  by  the  quantity  d^i 
in  consequence  of  the  action  of  Z,  we  shall  evidently  have 

d(p  =^  cos  i  dLl 
and  dio  =^  dL  —  d<p  (34) 

and  also  u  ^=^  v  -\-  w . 

Now,  if  Y  be  the  linear  velocity  of  the  planet  we  have 

F-2  =  U'  (1  +  m)  f  —  -  -1 ) 
\  '•  "  / 

and  if  we  regard  a  and  V  as  the  only  vaiiables  we  have 
dV        li-  (\  +  m)        da 


2V 


whence 


dt  a'^  dt 

da  2a"  V       dV 


dt         ^••-  (1  -f  rn)    dt 


dV . 
in  which  — --  is  the  increment  of  the  acceleratin":  force  due  to  the  action 
dt  * 

of  P  and  Q  in  the  direction  of  the  tangent  of  the  orbit,  and  if  we  desig- 
nate by  a  the  angle  which  the  tangent  makes  v/ith  the  radius  vectoi',  we 
shall  have  by  resolving  the  components  P  and  Q  along  the  tangent 

17 
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dV        , 

~Y-  =  ^  cos  a  +  (j>  sin  a 
at 

tlierefoi'e 

da  "la"^  V        ,„  ^   .      X 

If  we  now  resolve  the  velocity  F  along  the   radius  vector  and  per- 
pendicular to  it  we  have 

dr 

V  cos  «  =  -— -, 

along  the  radius  vector,   and 

,^   .  rdv 

I   sin  «  ^  ^—  . 

perpendicular  to  radius  vector,  but 
dr        k  x/l  +  m 


dt  s/ 


P 


e  sin  V  by  (27) 


r  -—  = '— -' 

dt  r 

IMaking  these  substitutions  we  find 

da 

~dt~  k  . 

'2a2 


-.i^=.  (Pe  sin  v^^^q) 
\/p  (1  +  m)  \  r     I 

(Pe  sin  V  -f  (^e  cos  v  +  ^)  (35) 


A"  \/l>  (1  +  m) 
Differentiating  the  first  of  (33)  we  get 


Ur-  ^^ 
dt  \       dt  ) 


Qr,  because  d9  =  dv 


d  •  k  ^/\  +  m    (/;J         ^ 

-^  (^- v/..(l  +  ,«))=  (2r  or  -^-^^  •  J-=  (2r 


dt        k  .^i 


+  m 


But  f/«        f/a         „  fZa        ^     cZe 

j»  r=  a  (1  —  e-)  and  -^  =  -, e2  _^ 2ae  -r- 

^  ^  (/i         cZi!  dt  dt 

dp          p    da        ^      de 
or  -^  =  -  •  — 2ae  — 

therefore  by  (35)  and  (36)  we  have,  after  some  reductions, 

~  =  J     .  -^     —-  (P  sin  v+  Q  (cos  V  +  cos  F) )  (37) 

where  E  is  the  eccentric  anomaly  and  may  be  found  from 

_         e  4-  cos  V         r    , 

cos  E  = =   -  (e  4-  cos  v)  (38) 

1  -f  e  cos  V       p  ^     ' 
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The  orbit  longitude  is  X  =  v  -f-  tr  -f  w  ;  and  the  equatiou  of  the 
ellipse  is 

r) 

—  =  1  4-  e  cos  (L  —  (p  —  w\ 
r  ^  T  / 

=  1  4-  e  cos  (L  —  -) 

where  -  is  the  longitude  of  the  perihelion. 

Differentiating  this  last  equation  with  reference  to  p,  e  and  tt  we 

have 

'i-  (^P  I J  s.de    ^         .     ^^         .d- 

y-  =  cos  (Z  —  -)  -—  4-  e  sin  (L  —  -)^- 

r    dt  ^  '  dt  ^  '  dt 

2  \/p      _  de  .         (l~      ,      ,c.r.^ 

or  -z —  (Jr  =  r  cos  v  ~ — |-  er  sin  v  —r- -    by  (36) 

A-'  n/1  +  m  dt  dt  -^  ^      / 

whence 

d-n: 2  v^;7  Q  cos  v       de 

dt       k  y/i  +  in     e  sin  v      e  sin  v      dt 

^  \^¥  Q  cos  V    f  ^^  . 

=  7 — . •  — ; -. \  7 — ,  iP  sm  V  + 

^  -v/l  +  m     e  sm  v       e  sin  v  \k  ^p  (i  +  m) 

Q  (cos  t"  +  cos  E)  )  - 

=  -, — ,  .  —^  —  Pw  cos  «  +  ■.--  (2  —  cos2  V  —  cos  V  cos  B)  [ 

k  -v/pa  +m)     e  y  smu  'J 

But  by  (38)  f  cos  Z"  ;=  ?■  (e  +  cos  v) 

and       ^  cos  «  cos  E  =  e?*  cos  v  +  ■>•  cos'^  w 

=  er  cos  r  +  ?■  —  r  sin^  v 

=  2>  —  T  sin^  z? 

or  j9  (1  —  cos  V  cos  E)  =  r  sin'^  v  or  1  —  cos  v  cos  E  =   ~  sin^  y 
substituting  in  the  above  we  have 

'^t^kVf^T^)'^^~ ^'^' '"'  "■  -^  ^^^^  +  '■)  ^^^^  ^')     (^^^ 

=  -^ ,  when  the  effect  of  Z  is  not  considered,  or  is  zero. 

When  it  is  necessary  to  take  the  component  Z  into  account,  we  have 

T  duj         dr       d<p 

w  =z  TT  —  <p  and  —  = Z_ 

dt         dt         dt 

dr:  .  di2 

=  —r  —  cos  I  —  (40) 

dt  dt  ^     ' 
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In.  these  formulae  ^;,  e  and  v  are  the  semi-pai-ameter,  eccentricity  and 
true  anomaly  respectively  in  the  disturbed  or  instantaneous  orbit. 

The  computation  of  (40)  will  require  the  variation  of  the  node  which 
has  not  yet  been  considered,  but  it  will  be  better  to  determine  Q  and  i 

as  well  as  tt  and  co  by  the  aid  of  (32)  and  the  two  following  equations. 

PERTURBATIONS    OF    HYPERION    BY    TITAN. 

We  shall  now  proceed  to  give  an  application  of  the  preceding  formulae 
in  the  case  of  the  action  of  Titan  on  Hyperion. 

The  former  is  a  body  of  considerable  magnitude,  having  a  diameter 
of  about  3,500  miles,  and,  therefore,  capable  of  exercising  a  great  influ- 
ence on  its  nearest  neighbour,  Hyperion,  whose  motion  is  unique  in  the 
solar  system. 

Hyperion,  the  latest  addition  to  Saturn's  family,  was  discovered  in 
September,  1848,  by  Bond,  of  Cambridge,  jVlass.,  and  independently  by 
Lassell,  of  Liverpool,  England,  two  days  afterwards.  It  is  one  of  the 
smallest  of  Saturn's  satellites,  its  mass  being  estimated  at  about  ~^^ 
of  that  of  Titan.  By  reason  of  the  close  approach  of  the  two  satellites 
at  conjunction  the  orbit  of  Hyperion  is  made  very  eccentric,  and  the  line 
of  apsides  has  a  retrograde  motion — a  necessary  result  of  the  disturbance 
of  Titan. 

Observation  has  established  tiie  fact  that  conjunction  always  takes 
place  when  Hyperion  is  in  apo-saturnium  and  opposition  when  in  peri- 
saturnium.  The  planes  of  their  orbits  very  nearly  coincide,  and  in  the 
following  computations  the  orbits  are  regarded  as  being  in  the  same 
plane. 

The  mean  daily  motion  of  Hyperion,  n  =  1G°-919883;  mean  daily 
motion  of  Titan,  n  =  22^-576974  ;  a=  213"-98  ;  a  =  176" -552  ;  regard- 
ing the  latter  as  unity  for  convenience  of  computation  we  shall  have 
a  =  1-212  ajid  a  ^  1  ;  we  also  have  e  :=:  '1,  and  although  Titan's  orbit 
has  an  eccentricity  of  '028  we  shall  regard  it  as  circular  ;  the  assumed 
mass  of  Titan,  ?«'  =  jeVo>  *^^^^  ^^  Saturn  being  unity,  and  in  =  0, 
Hyperion's  mass  being  so  small  that  it  may  be  neglected. 

The  synodic  period  is,  therefore,  63-6369492  days,  during  which 
Hyperion  describes  1076°-72974767  and  Titan  1436-72974767,  and 
accordingly  when   they  next  arrive  at  conjunction   each  will   lack  only 


The  Astronomical  and  Physical  Society  of  Toronto. 


133 


3°-27025233  of  having  performed  an  entire  number  of  revolutions,  or  in 
other  words  the  conjunction  point  or  the  line  of  apsides  will  have  retro- 
graded 3° '27025233  in  a  synodic  period,  and  it  also  appears  that  four 
revolutious  of  Titan  are 'very  nearly  equal  to  three  of  Hyperion.  The 
motion  of  the  line  of  apsides  in  half  a  synodic  period  is,  therefore, 
— 1°'635  or  — 5886".     The  Gaussian  constant  for  the  Saturnian  system  is 

n  _ 

=  =  k,  hence,  we  find  log k  =9-5954983  and  log  mk-  =  5-5052549 


\/l  +  m' 

where  n  is  of  course  expressed  in  circular  measure.  Let  the  line  of 
apsides  at  any  given  epoch  t^  be  taken  as  fixed  or  as  the  initial  line  from 
which  longitude  is  reckoned  and  let  the  satellites  start  from  opposition, 
that  is,  from  the  points  H  and  T  in  the  annexed   diagram  ;  Hyperion 


will  then  be  in  peri-saturuiam,  and  at  the  end  of  half  a  synodic  period 
they  will  be  in  conjunction  IT,  T,  and  Hyperion  will  be  in  apo-saturniuniy 
having  made  about  a  revolution  and  a  half,  and  Titan  two  revolutions. 
The  circumstances  of  the  motion  during  the  latter  half  of  the  synodic 
periods  will  be  precisely  similar  to  that  in  the  former  but  in  the  reverse 
order. 

We  must  now  compute  the  distance  between  the  satellites  at  equal 
intervals  during  half  a  synodic  period  or  31-81847  days,  and  in  the 
present  instance,  it  will  be   found  convenient  to  take  for  this  interval 
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•47128  day  =  r  during  which  Hyperion's  mean  anomaly  increases  by  8°^ 
and  Titan's  mean  motion  by  10°38''4. 

We  then  form  the  following  table  of  the  values  of  r^  and  v^  employ- 
ing for  this  purpose  the  ordinary  formulae  which  may  be  found  in  most 
works  on  Astronomy,  or  in  the  writer's  article  in  the  Monthly  Not. 
Royal  Astronomical  Society,  vol.  xliii.,  page  345. 


DAYS. 

M. 

log  To 

xo  =  e„ 

-  -23564 

4 

0-0.379288 

355  5  15-3 

+  -23564 

+    4 

0-0379288 

4  54  44-7 

•70692 

12 

0-0390800 

14  42  40-2 

1-17820 

20 

0-0413339 

24  25  59-4 

1-64948 

28 

0-0445991 

34  1  55-3 

2-12076 

36 

0-0487484 

43  28  4-9 

2-59204 

44 

0-0536305 

52  42  33-1 

3-06332 

52 

0-0590810 

61  43  57-3 

3-53460 

60 

0  0649325 

70  31  25-2 

4-00588 

68 

0-0710231 

79  4  33-0 

4-47716 

76 

0-0772028 

87  23  21-7 

4-94844 

84 

0-0833362 

95  28  11-9 

5-41972 

92 

0-0893054 

103  19  41-6 

5-89100 

100 

0-0950096 

110  58  40-2 

6-36228 

108 

0-1003841 

118  26  5-4 

6-83356 

116 

0-1052998 

125  43  0-9 

7-30484 

124 

0-1097602 

132  50  35-0 

7-77612 

132 

0-1137001 

139  49  57-2 

8-24741 

140 

0-1170845 

146  42  18-2 

8-71869 

148 

0-1198859 

153  28  48-9 

9-18997 

156 

0-1221133 

160  10  50-3 

9-66125 

164 

0-1236641 

166  49  2-7 

10-13253 

172 

0-1246160 

173  25  6-1 

10-60381 

180 

0-1249337 

180  0  0 

It  is  not  necessary  to  produce  this  table  any  farther,  as  the  quanti- 
ties Tq  and  Vo  or  Qo  recur  in  the  reverse  order  in  the  remaining  half  of 
the  orbit.  We  can  now  for  every  date  form  the  angle  B'  —  Oq  requii'ed 
in  computing  J. 

We  now  compute  zl  from  (19  bis),  in  which  cos  X=  1  and  r'  =:  a'  ^=  ly 
and  P  and  Q  from  (19)  ;  Z  vanishes  since  sin  X  =  0.  We  thus  form 
the  following  table  of  values  of   J,  P,  Q,  the  function  t^Qvq  and  the 

integral  z/^Qr^dt,  the  last  two  being  expressed  in  units  of  the  seventh 

decimal  place. 
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DAYS  AFTER 

8 

A 

log  P. 

log  Q. 

■r-Q'o. 

T^Qr^dt. 

-   0-23564 

2-091256 

5-392488 

7-320778/1 

-     0-5073 

+    0-1266 

+  0-23564 

2-091256 

5-392488 

7-320778 

+  0-5073 

0-1266 

0-70692 

2-094021 

5-392708 

7-806972 

1  -5582 

1-1533 

1-17820 

2-099453 

5-393100 

6  046110 

2-7165 

3-2788 

1-6494S 

2-107280 

5-393565 

6-216276 

4-0499 

6-6447 

2-1-2076 

2-117140 

5-3S3957 

6-354401 

5-6199 

11-4575 

2-59204 

2-12S571 

5-39 10S3 

6-473680 

7-4799 

17-9813 

3-06332 

2-141034 

5 -3937 IS 

6-579869  i 

9-6727 

26-5284 

3-53460 

2-153929 

5-392562 

6-675S3S 

12-2-237 

37-4479 

4-0058S 

2-1666-20 

5-390340 

6-763183 

15  1645 

51-1126 

4-47716 

2  178956 

5-386710 

6-842904 

18-4817 

67-9043 

4-94S44 

2-1SS791 

5-3S131S 

6-915711 

22-1664 

88-1988 

5-41972 

2-197000 

5-373784 

4-982137 

26-1882 

112-3497 

5-89100 

2-202497 

5-300875 

5  042649 

30-50-25 

140-6727 

6-36-228 

2-204807 

5-350607 

5-097630 

35-0516 

173-4333 

6-83356 

2-203290 

5-334005 

5-147411 

39-7575 

210-8-279 

7-30484 

2-197719 

5-313324 

5-192-294 

44-5430 

252-9752 

7-77612 

2-1877-20 

5-287859 

5-232538 

49-3151 

299-9094 

8-24741 

2-173114 

5-256748 

5-26S373 

53-9782 

351-5694 

8-71869 

2-153583 

5-218806 

5-299984 

58-43-20 

497  -795S 

9-1S997 

2-128S5I 

5-172544 

5-327539 

62-5828 

468-3402 

9-661-25 

2-100046 

5  11 5505 

5-351211 

66-3283 

532-8-256 

10-13253 

2-0661-29 

5-044280 

5-371079 

69-5894 

600-8283 

10-60381 

2-0276S1 

6-952783 

5-387245 

72-2856 

671-8160 

11-07509 

1  -984988 

6-829711 

5-399774 

74-3516 

745-1894 

11-54637 

1-938406 

6-647349 

5-408705 

75-7352 

S-20-2912 

1201765 

1  -888410 

6-311711 

5-414061 

76-4071 

890-4237 

12-48893 

1-835365 

7 -594407k 

5-415787 

76-3-245 

972-8518 

12-96021 

1-779:J60 

6-459022« 

5-413868 

75-5053 

1048-8279 

13-43149 

1-722759 

6-729266/1 

5-408205 

73-9548 

11-23-6180 

13-90277 

1-664112 

6-89445bi 

5-398669 

71-7014 

1196-5031 

14-37405 

1-605611 

5-01'2550?t 

5-385089 

68-7901 

1266-8011 

14-84533 

1-547094 

5-103529?i 

5-367253 

65-2852 

1333-8858 

15-31661 

1-489445 

o-176638;i 

5-344850 

61  -2462 

1S97-1921 

15-78789 

1-433497 

5-"23()765« 

5-317604 

56-7766 

1456-2355 

16-25917 

1 -379SS8 

5-2S7163« 

5  285143 

51-9732 

1510-6337 

16-73045 

1-329-235 

5-3-295577« 

5-247084 

46-94SS 

1560-1081 

17-20173 

1-282100 

5-3(i5354?t 

5-203060 

41  -8269 

1604-4988 

17-67301 

1-238937 

5 -305527 /i 

5-15-2756 

36-7359 

1613-7722 

18  144-29 

1  -200086 

5-420840/1 

5-095960 

31-8030 

1678-0-234 

18-61557 

1 -165725 

5  44 1945/4 

5-03-2621 

27-1452 

1707-4701 

19-08685 

1-135874 

5-459450;i 

6-962873 

22-8596 

1732-4382 

19-55813 

1-110316 

5-47396471 

6-886980 

19-0117 

1753-3357 

20  0-2941 

1 -088852 

5-4861-20« 

6-805109 

15-6-267 

1770-6165 

20-50069 

1-070810 

5-496o75» 

6-716836 

12-6856 

1784-7375 

20-97197 

1  -055584 

5-505987/' 

6-620211 

10-1272 

1796-1161 

21-443-25 

1  -042350 

5-515039/i 

6-509228 

7-8426 

1 805 -0835 

21-91453 

1-0302J7 

5-524361// 

6-369146 

5-6946 

1811-8468 

22-38581 

1-018412 

5-534501/1 

6-159092 

3-5286 

1816-4673 

22-85709 

1  -005940 

5-546010/i 

7-673-259 

+  1-1613 

1818-8367 

23-3-2837 

0-991994 

5-559-204?i 

7-80871471 

-  1-6014 

1818-6591 

23-79966 

0-975741 

5-578793/1 

6-296995/i 

-  4-9843 

1815-4249 

24-27094 

0-956732 

5-592246?i 

6-556275/1 

-  9-1681 

1808-4271 
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DAYS   AFTER 

8 

A 

log  P. 

log  Q. 

T^Qrcr 

rJ'Qr^dt. 

24  •74222 

0-934217 

"5-612586/1 

6-747978/1 

-    14-4471 

+    1796-7215 

25  "2 1350 

0-907860 

5-635800?i 

6-90015171 

-   21 

0864 

1780-0808 

25-68478 

0-877387 

5-662188/1 

5-044538)* 

-   29 

4126 

1753-9869 

2(M560tJ 

0-842669 

5-69216171 

5-169893/i 

-   39 

8102 

1719-5661 

20-62734 

0-803727 

5-726303«. 

5-2861 167i 

-   52 

7430 

1673-5217 

27-09862 

0-760740 

5-76544S/t 

5-395676// 

-   68 

7723 

1613  0555 

27-56990 

0-714083 

5 -810746/1 

5-500703/1 

-   88 

6758 

1534-6717 

28-04118 

0-664186 

5-863726». 

5-600638// 

-112 

8884 

1434-3000 

28-51-246 

0-611917 

5-926-22171 

5-697132/t 

-142 

4294 

1307-1008 

28-93374 

0-558287 

4-C00315/t 

5-788617/4 

-177 

4275 

1147-6137 

29-45502 

0-504739 

4-08707S?i 

5-871755// 

-216 

5400 

950-6939 

29-92630 

0-453-251 

4-186465?t 

5  -938792/t 

-254 

3134 

714-8696 

30-39758 

0-406656 

4-29356571 

5-972697?/ 

-276 

3625 

447-2353 

30-86886 

0-368222 

4-39fi902?/, 

5-937956// 

-256 

0105 

+      175-9823 

31-34014 

0-342532 

4-4751939i 

5-739423// 

-162 

41  o6 

39-8371 

31-81142 

0333318 

4-505290n. 

7-673071// 

-      1 

3955 

-      125-0492 

32-28270 

0-342217 

4-476171/1 

5-733780 

+  160 

2582 

42-4004 

32-75398 

0-S67644 

4-39851771 

5-936674 

+  255 

0635 

+      171-8637 

33-22526 

0-405877 

4-295502?i 

5-973065 

+  276 

2852 

+     442-63-20 

0-45-2334 

4-18831671 

5-940003 

+  254-9500 

+     712-60 

The  charactei'istics  of  log  P  and  log  Q  are  negative. 

It  may  also  be  remarked  that  the  distance  J,  between  the  satellites 
actiudly  increases  from  opposition  until  6-36  days  thei'eafter,  contrary  to 
what  would  be  expected.  This  is  owing  to  the  form  of  Hyperion's  orbit 
iind  causes  a  slight  apparent  irregularity  in  the  value  of  or  and  oO. 

We  must  now  compute  the  value  of  the  function  r^  — —    for  each 

of  the  preceding  dates,  by  the  second  of  (24),  omitting  for  the  first 
approximation  to  <V,  the  last  term  in  the  second  member.  With 
the   approximate   value   of    ur  thus  obtained  from  two  integrations  of 

r'2  -- —  we  recom])ute  the  value  of  r-  -——    by  the  second  of  (24),   retain- 
dt-  dt-      ^  ^     " 

ing  the  last  term  of  the  second  member  and  then  after  two  integrations 

we  obtain  a  very  accui-ate  value  of  or  with  -svhich  we  can  now  compute 

-r-  from  the  first  of  (24)  and  thence  W  by  a  single  integration.     But 
dt 

if  we  want  to  retain  the  terms  involving  the  squares  and  j)roducts  of  the 

distui-bing  forces,  that  is,    all   the   terms  which    have   iiny  appreciable 

influence,  we  must  employ  equations  (21)  and  (23),  which  in  the  present 

case  become 


and 
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<m 

dt 


(41) 


-—  =  P  +  Irh  — ^  +  / 
at-' 

in  ■which  r  =  ?v  +  ijr,  and  ?«  =  0  . 

From  the  last  equation  we  now  re-compute  for  each  of  the  preceding 

(I'or 
dates  the  vahie  of  the  function  z-  -— -  ,  usin;^  for  this  purpose  the  second 

value  of  ur,  and  thus  form  tlie  following  table.  The  integration  is 
performed  between  the  limits  — ^  and  7i^,  where  n^  is  the  number  of 
any  term  ;  and  of  course  the  values  of  or  and  06  are  0  for  the  date  zero, 
or  at  the  moment  of  opposition. 


DAYS  AFTER 


•23564 

+   54^ 

■28.5fi4 

.54  • 

•70(i92 

53- 

•17820 

50^ 

•6494S 

46  • 

•12076 

42 

•59204 

38  • 

•06332 

34  • 

■53460 

sr 

•00588 

28  • 

•47716 

27- 

•94S44 

26- 

•41972 

26  • 

•89100 

26- 

•36228 

27- 

■S3356 

28- 

•30484 

30- 

•77612 

32  ■ 

•24741  . 

33  ■ 

•71869 

34  • 

•18997 

35  • 

•66125 

36  • 

•13^253 

37 

•60381 

37- 

•07509 

35 

•54637 

34  • 

•01765 

31- 

•4SS93 

27- 

■96021 

22- 

•43149 

14 

•90277 

+     4- 

•37405 

—     1 ' 

•84533 

~   21- 

•316^1 

-   39^ 

•513 
•513 
•159 

•502 
•640 
•266 
•291 
•451 
•064 
•«48 
•031 
•158 
•179 
•226 
•481 
•924 
■217 
•r28 
•381 
•S27 
•974 
•921 
•088 
•042 
•9S9 
■317 
•513 
•506 
•Oil 
•493 
•932 
•038 
•900 
•8.32 


+ 


27-312 
27-312 
81-280 
1.33-200 
181-843 
226-300 
266  5.52 
302-902 
335-598 
365-380 
393-154 
419-679 
445-810 
471-960 
498-745 
526-958 
556 -.508 
587-682 
620-447 
654-563 
689-984 
7-26-474 
763-300 
800-6.35 
8.37-217 
872-441 
905-457 
935  0.56 
960  ■1.30 
978^718 
988-586 
987-766 
973-547 
+  942-952 


+ 


6-831 

6-831 

61-231 

168-681 

3-26-531 

530-978 

777-810 

1062-770 

1382-314 

1735-000 

2112^.399 

25 1 8^890 

2951-618 

3410-519 

3895-757 

4408-486 

4950  127 

55-22  ^034 

6126  ■OlO 

6763  ^398 

7435  580 

8143-720 

8S8S-716 

9670-780 

10489-804 

11.344-762 

12-233-950 

13154-547 

14102-548 

15072-661 

16057-090 

17040-270 

18028-166 

+  18987-910 


18 
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DAYS  AFTER 

„  rf-Sj- 

T 

5;-. 

<? 

'^'  (fr-.  • 

dt- 

15-78789 

-   61-119 

+  892-758 

+  19907-535 

16-25917 

-  85  681 

819-608 

20765-769 

16-73045 

- 112  886 

720-527 

21538-101 

17-20173 

-142-162 

593-130 

22197-375 

17-67301 

-172-107 

435-960 

22714-421 

18  14429 

-200-306 

249-500 

23059-507 

18-61557 

-224-150 

+  35  820 

23-204-651 

19-08685 

-241-219 

-  196-653 

23126-202 

19-55813 

-247-321 

-  441-903 

22807-456 

20-20941 

-240  218 

-  686-851 

22242-494 

20-50069 

-218-542 

-  917-461 

21438-533 

20-97197 

-182-425 

-1119-099 

20417-242 

21  -44325 

-  133-725 

-1278-087 

19214-582 

21-91453 

-  76-336 

-1383-670 

17878-923 

22-38581 

-  14-390 

-  1429-197 

16407-310 

22-85709 

+  46-891 

- 1412-703 

15041-252 

23-32837 

103-200 

-1337-030 

13661-667 

23-79966 

150-367 

-  1209-508 

12384-495 

24-27097 

189  049 

-1038-945 

11257-107 

24-74222 

215-810 

-  835-550 

10317-558 

25-21350 

•231-984 

-  610-783 

9593-036 

25-68478 

237-871 

-  375-050 

9099-637 

26-15606 

f 234-806 

-  138-113 

8843-365 

26-6-2734 

223-730 

+  91-912 

8821-234 

27-09862 

204-827 

+  306-817 

9022-180 

27-56990 

178-589 

+  499-145 

9427-346 

28-04118 

144-326 

+  661-338 

10010-439 

28-51246 

100-016 

+  784-452 

10737-023 

28-98374 

+  42-733 

+  857-063 

11562-549 

29-45502 

-  31-767 

+  864-228 

12429-378 

29-92630 

-129-087 

+  785-926 

13262-525 

30-39758 

-251-732 

+  597-542 

13964-423 

30-86886 

-389-696 

+  276-845 

14413-190 

31-34014 

-  501 -982 

-  174-014 

14474-272 

31-81142 

-519-809 

-  095-208 

14041-373 

32-28270 

-403-954 

-1167-582 

13100-115 

32-75398 

-189-572 

- 1469-840 

+  12263-2 

33-22526 

+  55 -476 

-1526-5 

The  quantities  in  the  last  three  cohiinns  are  expressed  in  units  of 
the  seventh  decimal  place  ;  thus  the  last  value  of  dr  in  the  table  is 
•0012263.  It  will  be  noticed  that  the  perturbations  of  the  radius  vector 
are  all  positive,  the  disturbed  orbit,  therefore,  lies  outside  of  the  oscu- 
lating orbit.     We  no-^v  compute  the  values  of  the  function  r  —^ — by  the 


dt 


first  of  (41),  and  thence  oQ  by  a  single  integration. 
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DAYS  AFTER 

T . 

Sd 

50  SECONDS 

8 

dt 

OF  ARC. 

—  0-23564 

—      2-6-27 

■     —    0-674 

—    0  01 

+  0-23564 

—   2-627 

—     0-674 

—   0-01 

0-70692 

—  17-964 

—     9-725 

—   0-20 

1  17820 

—  48-1-22 

—    41  -522 

—   0-86 

1  -64948 

—  92  152 

—   110-649 

—   2-28 

2-12076 

—  145-796 

—   229-064 

—   4-72 

2-59204 

—  2-03-973 

.  —   403-594 

—   S-32 

3-06332 

—  266-646 

—   638-6-24 

—  13-17 

3-53460 

—  331-435 

—   937-662 

—  19-;B4 

4-C05S8 

—  394-6-24 

—  1300-822 

—  26-83 

4-47716 

—  456-322 

—  1726-4-28 

—  35-61 

4-94844 

—  516-157 

—  2212-861 

—  45-64 

5-41972 

—  573-406 

—  2757-840 

—  56-88 

5-89100 

—  6-28-756 

—  3359-043 

—  69-28 

6-36228 

—  683-052 

—  4015-025 

—  82-81 

6  -83356 

—  736-641 

—  4724-840 

—  97-45 

7-30484 

—  791-358 

—  5488-768 

—  113-21 

7-77612 

—  845-802 

—  6307-729 

—  130-11 

8  24741 

—  904-228 

—  7182-987 

—  148-16 

8-71869 

—  965-832 

—  SI 17 -625 

—  167-44 

9-18997 

—1032-932 

—  9116-546 

—  188-04 

9-661-25 

-1105-669 

—  10185  ■2-24 

—  210-08 

10-13253 

—1187-654 

-  11331-091 

—  233-72 

10-60381 

-1278-595 

—  12563-317 

—  259-14 

11-07509 

—1382-054 

—  13892-666 

—  286-56 

11-54637 

—1497-412 

—  15331-358 

—  316  23 

12-01765 

—1628  062 

—  16S91-804 

—  348-42 

12-48893 

—1772-312 

—  18589-505 

—  383-44 

12-96021 

—1936-585 

—  20442-286 

—  421-65 

13-43149 

—2122-719 

—  2-2470-145 

—  463-48 

13-90277 

— 23-29  845 

—  24694-6-25 

—  509-36 

14-37405 

—2559-438 

—  27137-338 

—  559-75 

14-84533 

—2812-617 

—  29821-414 

—  615-11 

15-31661 

—3088-483 

—  32793-977 

—  676-42 

15-78789 

—3385-074 

—  36005-326 

—  742-66 

16-25917 

-3697-6-23 

—  39545-661 

—  815-69 

16-73045 

-4017-742 

—  43403-050 

—  895-25 

17-20173 

—4336-287 

—  475S0-701 

—  981-42 

17-67301 

—4639-214 

—  52070-5-22 

—  1074-03 

18-14429 

—4906-989 

—  56847-402 

—1172-56 

18-61557 

-5119-486 

—  61865-950 

-1276-08 

19-08685 

—5258-800 

—  670H2--297 

-1383-26 

19-55813 

—5299-206 

—  72350  245 

—1492-33 

20  02941 

—5227-093 

—  776-23-167 

—1601  09 

20-50069 

-5035-889 

—  82764-700 

—1707-14 

20-97197 

—47-26-607 

—  87655-358 

—1808-02 

21-44325 

—4313-930 

—  92183-319 

-1901-42 

21-91453 

—3822-427 

—  96256-978 

—1985-44 

22-38581 

— 3-280-OlS 

—  99811-037 

—2058-75 

22-85709  1 

—2721  034 

-102811-586 

—2120-64 

23-32837  j 

—2176-435 

—105-257-949 

—2171-10 

23-79966  ! 

—1671-913 

—107177-948 

—2210-70 

24-27097 

—1225-012 

-108620-986 

—22^0-47 

-  0-19 

-  0-66 

-  1  -42 

-  2-44 

-  3  60 

-  4-85 

-  6-17 

-  7-49 

-  S-7S 

-  10-03 

-  11-24 

-  12-40 

-  13-53 

-  14-64 

-  15-76 

-  16-90 

-  18-05 

-  19-28 

-  20-60 

-  -22-04 

-  23-64 

-  25-42 

-  27-42 

-  29-67 

-  32-19 

-  35-02 

-  38-21 

-  41-83 

-  45-88 

-  50-39 

-  55-36 

-  61-31 

-  66-24 

-  73-03 

-  79-56 

-  86-17 

-  93-61 

-  98-53 
-103-52 
-107-18 
-109  07 
-108-76 
-106-05 
-100-88 

-  93-40 

-  84-02 

-  73-31 

-  61-89 

-  50-46 

-  39-60 

-  29-77 
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DAYS  AFTER 


21 -74222 
25-21350 
25-68478 
26-15(;06 
26-62734 
27-098G2 
27-56990 
28-04118 
28-51-246 
28-98374 
29-45502 
29-92630 
30-39758 
30-86886 
31-34014 
31-81142 
32-28270 
32-75398 
33-225-26 


—  847-783 

—  541-853 

—  310-079 

—  144-702 

—  38-031 
+  14-707 
+  24-635 

—  0-080 

—  53-175 

—  125-536 

—  206-743 

—  283-594 

—  333-533 

—  31 9  045 

—  182-286 
+  141-915 
+  684-245 
+  1415-134 
+  2279-105 


-109651-439 
-110340125 
-110760-159 
-110982-321 
-11106i)-302 
-111077-241 
-111054-342 
-111039-440 
-1110')4-052 
-111152-205 
-111318-064 
-111564-350 
-111876-450 
-112210-307 
-112474-085 
-11-2511-892 
-112116-415 
-111080-528 
-109239-500 


50  SkCONDS 
OK  ARC. 


—2261-72 
—2275-93 
—2284-59 
-2289  17 
—2290-97 
—2291-13 
—2290-66 
-2290-35 
—2290-86 
—2292-68 
—2296-10 
—2301-39 
—2307-62 
—•2314-50 
— 2319-94' 
-2320-72 
—2312-57 
—2291  -20 
—2253-23 


21-25 
14-21 
8-66 
4-58 
1-80 
0-16 
0-47 
0-31 
0-51 
1-82 
3-42 
5-29 
6-23 
6-88 
5-44 
0-78 
8-15 
21-37 
37-97 


From  the  preceding  table  it  is  seen  that  all  the  values  of  oQ  are  nega- 
tive, which  is  in  accord  with  the  values  of  i)r  previously  found.  We 
can  now  interpolate  the  values  of  or  and  oQ,  for  any  integral  number  of 
days  or  for  any  convenient  fraction  of  a  day  such  as  ^,  ^,  and  f  of  a 
day.     It  is  also  seen  that  the  values  of  the  functions 

„  d~dr        ,      duO 
T^  — ; —  and  r  — ; — 
dt'  dt 

vary  rapidly  as  the  satellites  approach  conjunction.  More  accurate 
values  of  the  perturbations  or  and  oO  near  this  point  would  be  obtained 
by  stopping  the  integration  at,  say  the  twenty-fourth  day  after  opposition, 
and  computing  the  value  of  these  functions  for  half  the  period,  and  then 
integrating  again.  This  has  been  done,  but  the  difference  is  so  small 
that  it  may  be  neglected  without  appreciable  error. 

We  will  now  proceed  to  find  the  elements  of  the  disturbed  orbit  for 
any  of  the  preceding  dates,  and  for  this  purpose  we  first  compute  p  from 
(26)  which  in  the  present  case  becomes 


V   = 

in  which 
and 


1\ 

h 


K-^) 


h  = 


=  a„(l  -e„2)  =  1-212  x  -99 

(1  +  m)  ^  ^  \/po 
•z  y  -i 


h  + 

ddf) 

dt 


dd0\ 

llf) 
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We  also  compute  e  cos  v  and  e  sin  r  from  (27)  wLonce    we  obtain 
x/^ ,  e  and  v  as  in  the  following  Table  : 


DAYS  A¥TEK 
8 

log\/i> 

log  e  sin  v 

log  e  cos  V 

(' 

e 

—  0-23564 

0-0395881 

7-9334569« 

8-9983962 

—  4  55  18-0 

-10000 

+  0  23564 

5881 

7-9334567 

8-9983962 

+  4  55  lS-0 

-10000 

0-70692 

5884 

8-4055614 

8-9855013 

14  44  18-5 

-10001 

1-17S-20 

5890 

8-6174387 

8-9591936 

24  28  37-8 

-10002 

1  -64948 

5896 

8-7487544 

8-9182799  ' 

34  5  27-6 

•10004 

2-12076 

5905 

8-8384010 

8-8605554  - 

43  32  21-2 

-10006 

2-59204 

5920 

8-9015402 

8-78198-28 

52  47  19-5 

-10009 

3-06332 

59  9 

8-9457368 

8-67-7610 

01  48  50-1 

•10013 

3 -53460 

5961 

8-9753-290 

8-5218726 

70  36  -28-4 

-10016 

4 -00588 

5991 

8-9930212 

8  "2753655 

79  9  17-4 

-100-20 

4-47716 

6027 

8-0005708 

7-6477946 

87  27  31-2 

-10023 

4-94844 

6070 

8  9991154 

7-984650171 

95  31  28-9 

•10026 

5-41972 

6121 

8-9893383 

8-3651134« 

103  21  18  7 

•10029 

5-89100 

6182 

8-9715394 

8-5554790//. 

HO  59  -22-2 

•10032 

6-36228 

6212 

8-9456540 

8-6793516/i 

118  26  27-7 

•10035 

6  -83356 

6329 

8-91121-29 

8-7672301;i 

125  40  17-9 

•10033 

7-30484 

6420 

8-8672279 

8-8333193;; 

132  45  .-^'S 

•10033 

7-77612 

6518 

8-8119653 

8-8838777;* 

139  43  U-6 

-10032 

8-24741 

6632 

8-74-24933 

8-9227135;* 

146  33  39-9 

-10030 

8 -7 1869 

6755 

8-6536546 

S -9522062/1 

153  IS  14-2 

-10027 

9-18997 

6885 

8-5355544 

8-9741690/* 

159  59  11-2 

-10023 

9-66125 

7026 

8-38S2397 

8-9887457/* 

166  35  7-4 

-10018 

10-13253 

7172 

8-0761-248 

S -9974156;* 

173  9  52-5 

-10012 

10-60381 

73-22 

6-0743892 

9-0002397/* 

179  43  46-0 

-10006 

11  07509 

7479 

S-04028lj2« 

8-9973327;* 

186  17  59-0 

■09999 

11-54837 

7637 

8-34S8014« 

8-98858-22;* 

192  53  42-0 

•09992 

12-01765 

7804 

8-5235668/J 

8-97391-26.'/. 

199  31  15-6 

•09987 

12-48893 

7968 

8-t)446372M 

8-9518786;* 

206  14  19-2 

•09982 

12-96021 

8138 

8.735•2530/^ 

8-9223102;* 

213  1  32-3 

•09975 

13-43149 

8294 

8-8059118?* 

8  -8834400;* 

219  54  46-3 

•09969 

13-90-277 

8454 

8-8()20-2-28;i 

8.83-28739;* 

220  i-M   10-8 

•09964 

14-37405 

8609 

8-906i;518M 

8-766S1-52/* 

234  4  7-8 

•09961 

14-84533 

8755 

S.9416078« 

8-6790725/* 

241  21  1-3 

•09960 

15-31661 

8S9o 

8-9b7i»2-26« 

8-5554838;* 

248  51  0-S 

•09959 

15-78789 

9028 

8-9S60996?i 

8-36585.38;* 

256  31  4  6 

•09959 

16-25917 

0-0399154 

8-996-2303;;. 

7-9883966;* 

•264  23  27-0 

•09961 

16-73045 

9270 

8-9.)80359/t 

7-6347291 

1   272  28  43-9 

•09964 

17-20173 

9378 

8.9!)08570rt 

8-271-2087 

280  47  48-1 

i  •09968 

17-67301 

9478 

8-973583271 

S -5 189546 

289  20  37-4 

1  •09973 

18-144-29 

9569 

8-9444934/t 

8 -(1723870 

298  7  17-5 

•09978 

18-61557 

9660 

8-9009412;; 

8-7800185 

307  7  28-4 

•09984 

19-08685 

9741 

8-8386743/;. 

8-8589406 

316  20  10-9 

•09990 

19-55813 

9823 

S-7503337W 

8-9170403 

3-25  44  10-2 

•09996 

20-02941 

91)08 

8-6212499/1 

8  95->3886 

335  17  32-6 

•10002 

20-50069 

9992 

8-4!431-23;i 

9  9852053 

344  57  54-7 

•10008 

20-97197 

0-0400081 

7.965315  l;t 

8-9987117 

354  42  34.5 

•10013 

21-443-25 

0179 

7  8930412 

8-9994533 

4  28  31-2 

•10018 

21  91453 

0279 

8  3909926 

8-9S74517 

14  12  40-0 

•10022 

22-38581 

0396 

8-6081219 

8-9622779 

23  51  57-0 

-10025 

22-85709 

0522 

8-7418692 

8-92-28188 

33  23  41-G 

•10027 
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DAYS  AFTER 
8 

log  Vp 

log  e  sin  v 

log  e  cos  V 

V 

e 

23-32837 

0-0400684 

8-8330266 

S -8670496 

O           1                 If 

42  45  28-7 

-10028 

23-791)(ifi 

0809 

8-8972589 

8-7912217 

51  55  34-2 

-10027 

24-27097 

0977 

8-94-23277 

8 -6883 165 

60  52  28-9 

•10024 

24-74222 

1156 

8-9726610 

S -5432547 

69  35  33-4 

•10019 

25-21350 

1347 

8-9910077 

8-3157086 

78  4  27  1 

•10012 

25-(iS478 

1551 

8-9991530 

7-8701357 

85  45  2.8 

•10008 

26  15(506 

1766 

8  998-2508 

7-87907-29?t 

94  20  46-4 

-09988 

26-6-2734 

1990 

8-988994S 

8.3-222941/1 

102  9  26-6 

•09974 

27-09862 

2225 

8-9716931 

8-5273807?i 

109  46  22-9 

•09956 

27 -56990 

2458 

8-9462759 

8-6578629/i 

117  14  11-9 

-09938 

28  04118 

2701 

8  9122723 

8-74940S5;j 

124  30  0-4 

-09915 

28-51246 

2934 

8-8686713 

8-817S742/i 

131  39  24-6 

•09892 

28-98374 

3157 

8-8136942 

8-87005767! 

138  42  27-3 

•09868 

29-45502 

3367 

8  7442955 

8 -9100553;! 

145  40  40-8 

-09843 

29-92630 

3564 

8-6550821 

8 -9403640?! 

152  35  41-7 

-09824 

30-39758 

3782 

8-5355532 

8  96-28022?! 

159  29  57-9 

-08800 

30-86886 

4088 

8-3619593 

8-9773958?! 

166  22  24-2 

•09768 

31  -34014 

4623 

8-0562226 

8-9853797/! 

173  17  10-2 

-09736 

3181142 

55-22 

6-6138894« 

8-9864562?! 

180  14  34-7 

•09693 

32-28270 

7012 

8 -0857137?! 

8-9804683?! 

187  15  41-9 

•09638 

32-75398 

8898 

8-3755475)4 

8-967-2699?! 

194  21  37-9 

-09573 

33-22526 

0-04111-22 

8.5341797« 

8-9467469/! 

201  32  47-8 

-09511 

By  means  of  (28)  -we  can  now  find  «,  //,   E  and  M  for  any  date 
required,  and  from  the   data  fiu-nished  by  the  preceding  table  we  can 

compute  the  function  r  -z-  from  (39)  and  thence  m  by  a  single  integra- 
tion, as  in  tlie  following  table  : 


DATS  AFTER 

a>. 

CD  iu  arc. 

8 

dt 

—  0-23564 

3218-400 

// 

+  0  "2.3564 



.3218-400 

—  1614-608 

—  33-30 

0-70692 

— 

3088-933 

—  4779-016 

—  98^57 

1-178-20 



28.32  000 

—  7749-956 

—  159-85 

1  -64948 



2452-200 

—  10402-039 

—  214-56 

2-12076 



1957-236 

—  12615-9-22 

—  260-22 

2-59-204 

— 

1358-805 

—  14281-957 

—  -294-59 

3-06332 



673-212 

—  15304-4.32 

—  315-68 

3-53460 

+ 

78-606 

—  15606-237 

—  .321-90 

4-00588 

+ 

870-804 

—  15133-723 

—  312-16 

4-47716 

+ 

1674-007 

—  1.3860-919 

—  285-90 

4-94844 

O- 

2455-927 

—  11792-700 

—  243-24 

5-41972 

+ 

3183-013 

—  8966-!'.50 

—  184-96 

5-89100 

+ 

3815-167 

—  5459-500 

—  112-61 

6-36228 

+ 

4343-460 

—  1369-280 

—  28-24 

6-83356 

+ 

4715-530 

+  3173-800 

+  65-46 

7-30484 

+ 

4919-644 

+  8000-118 

+  165-14 

7-77612 

+ 

4938-312 

+  12951-000 

+  267-13 

65-27 

— 

61-28 



54-71 

— 

45-66 

— 

34-37 

— 

21-09 

— 

6-22 

+ 

9-74 

+ 

26-26 

+ 

42  66 

+ 

58-28 

+ 

72-25 

+ 

84 -.37 

+ 

93-70 

+ 

99-68 

+  101-99 
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DATS  AFTER 

8 

<0. 

0)  in  arc. 

1 

DIFF. 

8-24741 

+  4762-643 

+  17817-838 

+  367-52 

+  100-39 
+  94-74 
+  85-09 
+  71-71 
+  54-97 
+  35-35 
+  13-87 

—  9-21 

—  32-56 

—  55-42 

—  76-73 

—  95-52 
—111-06 
—122-33 
-1-28-80 
—130-04 
—125-87 
—116-33 
—101-83 

—  83-07 

—  61-15 

—  37-08 

—  12-25 
+  12-37 
+  33-87 
+  53-02 
+  68-51 
+  79-95 
+  87-20 
+  90-30 
+  89-34 
+  84-36 
+  75-35 
+  62-58 
+  45-37 
-f  23-13 

—  5-39 

—  31-65 

—  69-86 

—  111-82 

—  158-11 
—209-90 
—267-22 
—330-44 
—100-40 
—477-58 
—552-02 
—662-82 
—746-21 
—829-41 
—882-60 
—889  05 
-847-63 
-773-47 

8-71869 

+  4391-097 

+  22410-9-25 

+  462-26 

9-18997 

+  3829-430 

+  26536-302 

+  547-35 

9-66125 

+  3096-820 

+  30013-080 

+  619-06 

10-13-253 

+  2211-0';8 

+  32678-044 

+  674-03 

10-60381 

+  1206-879 

+  34391-800 

+  709-38 

11-07509 

4-  118-2-20 

+  35063-956 

+  723-25 

11-54637 
12-01765 

12-48893 

—  1013-737 

—  2139-738 

—  32-20-702 

+  34617-738 
+  33038  950 
+  30352-455 

+  714-04 
+  681-48 
+  626-06 

12-96021 

—  4197-622 

+  26632-495 

+  549-33 

13-43149 

—  5039-734 

+  22001-169 

+  453-81 

13-90277 
14-37405 
14-84533 
15-31661 

—  5693  ■S-29 

—  61-29-061 

—  6317-232 

—  6247-910 

+  16617-243 
+  10686-227 
+  4441 -904 
—  18G2-637 

+  342-75 
4-  220-42 
+  91-62 
—  38-42 

15-78789 
16-25917 

—  5913-120 

—  5326  1.32 

—  7964-981 

—  13604-760 

—  164  29 

—  280-62 

16-73045 
17-20173 

—  4513-2-25 

—  3515-775 

—  18541 -S-29 

—  22569-127 

—  38-2-45 

—  465-52 

17-67301 

—  2395-633 

—  25533-530 

—  526-67 

18-14429 

—  1194-007 

—  27331-560 

—  563 -75 

18-61557 
19-08685 

—    0-548 
+  1126  033 

—  279-25 -4-20 

—  27354-850 

—  576-00 

—  564-23 

19-55813 

+  2134-0-27 

—  25712-832 

—  530-36 

20-0-2941 

+  2977-773 

—  23141-950 

—  477-34 

20-50069 

~   3632-334 

—  19820-445 

-  408-83 

20-97197 

4-  4085 '555 

—  15944-543 

—  328-88 

21  •443-25 

+  4336-000 

—  11716-965 

—  241  -68 

21-91453 

+  4387-164 

—  7338-990 

—  151-38 

22-38581 

+  4242-713 

—  3007-888 

—  62-04 

22-85709 

-r-  3904-874 

+   1082-360 

+  22-32 

23-32837 

+  3370-236 

+  4735  050 

+  97-67 

23-79966 

+  2662-448 

+  7769-380 

+  160-25 

24-27097 

+  1687-042 

+  9963-860 

+  205-52 

24-74-2-22 
25-21350 

25-68478 

+  520-503 

—  874-364 

—  2441-611 

+  11685-100 
+  10924  014 
+  9-289-270 

-f  228-65 
+  223-26 
+  191-61 

26-15606 

—  4378-625 

+  5902-750 

+  121-75 

26-6-2734 

—  6499-500 

+   481-210 

+   9-93 

27-09862 

—  8874-900 

—  7183-800 

—  148-18 

27-56990 

—11522-716 

—  173r,0-290 

—  358-08 

28-04118 
28-51246 
28-98374 
29-45502 

—14435-206 
—17659-638 
—21-2-22  634 
—25144-814 

—  30315-370 

—  46335  710 

—  65747-480 

—  88901-410 

—  625-30 

—  955-74 
—1356-14 
—1833-72 

29-92630 
30-39758 

—29404-182 
—33921-600 

—  116148-660 

—  147798-280 

-2385-74 
—3048-56 

30-S6SS6 
31-34014 

—38353-342 
1  -418-24-971 

—183975-580 
—•2-24186-7-20 

-3794-77 
—46-24-18 

31-81142 
32-28270 

—43366-410 
—42440-637 

—266976-340 
—310078-580 

— 5506-78 
-6395-83 

32-75398 

—39479-109 

—351172-500 

-7-243-46 

33-22526 

—35401-227 

-388672-000 

—8016-93 
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From  the  values  of  w  it  is  seen  that  the  line  of  apsides  regresses  and 
progresses  alternately  ;  thus  for  the  fii-st  three  and  a-half  days  after 
opposition,  it  regresses,  then  advances  until  about  the  11th  day,  then 
again  regresses  to  18'6  days,  again  advances  to  the  24*7  day,  and  finally 
regresses  rapidly  until  after  conjunction.  The  amount  of  regression, 
however,  exceeds  that  of  progression  to  such  an  extent  that  the  line  of 
apsides  makes  an  entire  revolution  in  about  20'45  years,  The  line  of 
apsides  of  our  own  Moon  behaves  in  a  similar  manner,  but  its  advance 
exceeds  its  regression  to  such  an  extent  that  it  completes  a  revolution  in 
about  8-855  years. 

If  we  interpolate  the  value  of  •w  for  31-818-47  days  or  half  a  synodic 
period  "we  have  w  =  —  5520",  but  according  to  observation  it  should 
be  —  5886",  and  since  the  amount  of  disturbance  is  proportional  to  the 
mass  we  shall  have  for  the  corrected  mass  of  Titan  ,,  -  ^  q  . 

We  can  now  deduce  the  elements  at  any  date  after  opposition  ;  thus 
at  conjunction  we  have  e  =  -09694,  j^  =  1'2053,  a  =  1-2167  and 
//  =  16°-8217. 

It  will  not  be  difficult  now  to  form  Tables  of  the  motion  of  Hyperion 
which  will  give  its  position  in  its  orbit  for  any  date  after  opposition  or 
before  conjunction.  For  this  purpose  the  following  approximate  elements 
are  here  "iven 


Mean  equator  and 
equinox  Jan.  1-0 


Epoch 

1888  Jan 

]\I 

268°34'-9 

N 

120=42'-3 

I 

6°8'-6 

U) 

166°18'-2 

a 

213"-98 

e 

0-1 

IJ- 

16=-9199 
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FIFTH  ANNUAL  MEETING. 

Januai-y  8th,  1895  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A., 
in  the  chair.  A  note  was  received  from  Dr.  Larratt  W.  Smith  to  the 
effect  that  he  was  unable  to  attend. 

Mr.  Archibahl  Blue,  of  Toronto,  was  elected  an  active  member  of 
the  Society. 

The  following  officers  of  the  Society  for  1895  were  declared  duly- 
elected  liy  acclamation  : — Honourary  Pi-esident,  the  Honourable  George 
W.  Ross,  LL.D.,  Minister  of  Education  ;  President,  Larratt  W.  Smith, 
D.C.L.,  Q.C.  ;  Vice-Presidents,  E.  A.  Meredith,  LL.D.,  and  John  A. 
Paterson,  M.  A.  ;  Treasurer,  James  Todhunter  ;  Corresponding  Secretary, 
George  E.  Lumsden  ;  Recording  Secretary,  Charles  P.  Sparling  ;  Assist- 
ant Secretary  and  Editor,  Thomas  Lindsay  ;  Librarian,  G.  G.  Pursey  ; 
Assistants  to  the  Librarian,  Miss  M.  Bambridge  and  Miss  Jeane  Pursey. 

The  following  gentlemen  were  elected  members  of  the  Council,  with 
the  officers,  for  1895  : — Messrs.  j^rthur  Haivey,  C.  A.  Chant,  B.A., 
D.  J.  Howell,  R.  F.  Stupart,  Rev.  C.  H.  Shortt,  M.A. 

The  Treasurer's  report  and  certified  statement  of  accounts  was 
received  and  adopted.  The  balance  on  hand  was  sufficient  to  meet  all 
existing  liabilities. 

A  cordial  vote  of  thanks  was  directed  to  be  tendered  the  Editors  of 
the  Empire,  Globe,  Mail  and  World  for  their  unvarying  courtesy  to  the 
Society,  in  allowing  the  use  of  their  columns  for  the  Society's  announce- 
ments, reports  of  meetings,  etc. 

Mr.  R.  F.  Stupart,  Chairman  of  the  Committee  on  the  investigation 
of  Earth  Current  phenomena,  communicated  a  brief  report  of  the  work 
which  had  so  far  been  accomplished.  In  August,  1894,  an  outline  of 
the  plans  of  the  Committee  had  been  laid  before  the  directorate  of  the 
Commercial  Cable  Company  of  New  York,  and  Mr.  G.  G.  Ward,  A^ice- 
President  and  General  Manager,  courteously  consented  to  render  such 
assistance  as  might  be  possible.  Mr.  Stu))art  was  accordingly  placed  in 
communication  with  Mr.  S.  S.  Dickenson,  Superintendent  at  the  com- 
pany's station  at  Canso,  Nova  Scotia,  and  to  whom  the  thanks  of  the 
Society  were  due  for  the  active  interest  he  had  taken  in  the  work. 

Following  is   a  tabulated    statement    of   the   reports   received  from 
Canso,   from    the  date  when   arrangements  were  finally  made  for  the 
regular  transmission  of  the  records  to  the  Toronto  Observatory  : — 
19 


146 


21ie  Astronomical  and  Physical  Societj  of  Toronto. 


EARTH    CUKRENT    READINGS. 


The  Commercial  Cable  Company^s  Station, 
Canso,  Kova  Scotia. 


Date, 

Time. 

No.  Three.* 

Southern.-): 

Coney  In'd.X 

Weather,  etc. 

1S94. 

5.  C.  in  volts. 

LC.iu  volts. 

E.  C.  in  volts. 

Oct.    14 

5  a.m. 

-    1-69005 

-    1-01550 

+  0-57795 

Overcast,  South-east. 

15 

a 

-   7-80345 

-    7-96282 

0-57492§ 

Fine,  West,  fresh. 

16 

" 

+   1-8-2357 

+   0-65011 

-   0-5-2618 

Fine,  West  wind. 

17 

" 

+  0-37317 

+   0-106S5 

-   0-12167 

Overcast,  S.-W. 

18 

(( 

+   1-61028 

-r-   081616 

-   0-15-208 

Fine,  ^^'est. 

19 

" 

-   0-02850 

+   0-72150 

-    1-2-2800 

Fine,  Xorth-west. 

20 

" 

-    0-05200 

-   0-86-200 

-   0-06000 

Dull,  North-west. 

21 

" 

-   0-39400 

-    0-41000 

-    0-71400 

Dull,  North-east. 

22 

(( 

+   0-41200 

-    0-37000 

-    0-1 9800 

Fine,  North-west. 

23 

" 

+   0-73100 

+   0  53100 

+   0-61400 

Fine,  North-west. 

24 

" 

-   0-30200 

-    0-73700 

+   2-51000 

Fine,  North. 

25 

K 

+   0-76-200 

+   0-18800 

+   0-47300 

Fine,  North-east. 

2G 

" 

+   4-57000 

+  0-18700 

+   0-59600 

Fine,  South-east. 

27 

" 

+  0-37000 

+   0-09400 

+   0-12400 

Overcast,  North-east. 

28 

" 

-   0-98740 

-   0-14170 

+   0-07340 

Fine,  North. 

29 

(( 

+  0-19810 

+   0-03400 

~   0-01120 

Fine,  North. 

30 

" 

+  0-31810 

-   0-15390 

-   0-53700 

Fine,  North. 

31 

«l 

-    1-98850 

-   4-08700 

+   0-45670 

Fine,  Nortii. 

jS'ov.     1 

" 

-    1-09800 

-   0-72040 

-   0-24540 

Overcast,  N.-W, 

2 

" 

-    1-96800 

-   0-32-280 

-   0-01336 

Overcast,  N.-W. 

3 

'< 

+   1-72740 

+   0-14820 

-    1-47150 

Fine,  North-west. 

4 

«' 

-   3-277C0 

-   0-84000 

-    1-17300 

Fine,  North-west. 

5 

+   1-74000 

+   0-38700 

-   0  31400 

Fine,  North-west. 

G 

'< 

East'i'h'  gale  and  rain 

( 

«' 

-    1-24100 

-   0-3900 

+   0-41400 

Fine,  North. 

8 

«' 

+    1-74000 

+   0-58800 

Fine,  North. 

9 

<< 

+   0-97500 

+   0-06000 

+   6-6.3000 

Snowy,  East. 

10 
11 
12 

" 

+    1-90400 

+   0-72500 

+   0-68800 

Wet,  South. 

<> 

+  V-43700 

+   0 -.si  400 

-   6-10400 

Fine,  West. 

13 

(■i 

-   3-27700 

-    0-84000 

-    1-17300 

Overcast,  West. 

14 

" 

-38-97000 

-20-75500 

+   0  9390011 

Kain.  S.-S.-E. 

15 

tl 

-   2-02990 

-    1-18500 

-    126700 

Overcast,  West. 

16 

" 

-  10-76400 

-    1-18600 

-r    1-50100 

Overcast,  S.-W. 

17 

" 

-   0-33200 

-    1-I63U0 

-    1-83100 

Fine,  West. 

18 
19 

(( 

+  2-44900 

+    1-63300 

+   2-65800 

Overcast,  South. 

20 

l< 

+   0-82900 

+  0-57900 

-f   0-68800 

Fine,  North-west. 

21 

C< 

+   1-09800 

-h    1-44900 

-   0.34400 

Fine,  North-west. 

22 

•  < 

+    1-25400 

+    1-63000 

-    0-29.500 

Fog,  South-west. 

23 

" 

+   0-85300 

+   0-81400 

-    0-51600 

North-east,  Fine. 

24 

" 

-    6-95400 

-   5-87000 

+   2  06500 

North-east,  Overcast 

25 
26 

,< 

+    1-93500 

+   1-51300 

-    i -26400 

North,  Fine. 

27 

■  1 

+    1-63000 

+  0-44400 

-   0-56400 

West,  Light  snow. 

28 

<< 

+  2-74500 

+    1-71000 

-   2-01000 

^Vest,  Rain. 

29 

(( 

+   4-27000 

+   2  72500 

-    1-8,3900 

North-west,  Fine. 

30 

" 

-   0-80300 

-   0 -30200 

-   0-68900 

N.-W.,  Very  fine. 
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Date, 
1S94. 

Time. 

E.  C.  in  volts. 

Southern. ■]■ 
E.G.  in  volts. 

Coney  JsVZ.J 
E.  C.  in  volts. 

Weather,  etc. 

Dec.     1 
2 
3 

5  a.m. 

+ 

0-48700 

-   0-42300 

+  0-459001 

West,  Fair. 

(( 

+ 

0-9.3500 

+  V-si.soo 

-    i -26400 

North-east,  Snow. 

4 

" 

- 

0-48500 

-   0-54700 

+   0 -33300 

North-west,  Fair. 

5 

<' 

+ 

1 -10400 

+  0-89300 

-   0-274(J0 

Nort-west,  Fine. 

6 

7 
8 

<( 

+ 

5-61200 

-   0-60500 

-   0-2-2900 

North,  Overcast. 

«< 

+ 

0-73200 

+   0-54400 

-   6  •20500 

North-west,   Cloudy. 

9 

" 

+ 

1-21900 

+  0-48300 

-    1-14900 

North,  Fine. 

10 

(( 

11 

<i 

+ 

0-42400 

+   {)-20-200 

+  6-34300 

North,  Fresh,  cloudy. 

12 

<( 

- 

1-00500 

-    1-08900 

-   0-22900 

North,  Fine. 

13 

<( 

~ 

0-88400 

+  0 -.36 100 

-    1-00200 

North,  Overcast. 

14 

" 

+ 

0-77100 

+  0-4330O 

-    0-54400 

South-west,  Strong. 

15 

a 

+ 

2-58400 

+  4-72100 

-    5-17600 

West,  Overcast. 

16 

" 

- 

3-46500 

-   0-40000 

-    1-72500 

North,  Fair. 

17 

" 

South,  Fog. 

18 

" 

+ 

0-43500 

+  b-7.3200 

+   6-91700 

North-west,  Fog. 

19 

<( 

-^ 

1-23100 

+  0-80200 

+   0-87000 

West,  Cloudy. 

20 

- 

0-54900 

-   0-27300 

-    0-30900 

North,  Fair. 

21 

<( 

+ 

0-62-200 

+  0-45800 

+   1-08800 

North,  Fine. 

22 
23 

w 

-r 

0-96300 

+  0-63000 

+  0-65200 

South,  Cloudy. 

24 
25 
26 

(( 

+ 

3-46500 

+  0-40000 

+   i -72500 

North,  Snow. 

<< 

+ 

1-37100 

+  b'-93000 

-   6-31800 

North,  Fresh,  clear. 

27 

" 

- 

0-57400 

+  0-17200 

-   0-18100 

Soutli-east.  Overcast. 

28 

" 

+ 

0-2S400 

+  0-04200 

+  0-33300 

Fog. 

29 

" 

+ 

0-20-200 

+  0-24100 

+  0-57400 

South,  Rain. 

30 
31 

1895. 

(< 

+ 

0-40600 

+  0-54300 

-   0-80400 

North-west,  Fine. 

.... 

Jan.      1 

" 

2 

<i 

4- 

0-68900 

+  0-78700 

-   6-77200 

East,  Rain. 

3 

" 

- 

0  07500 

-   0-60400 

+   0-2-2800 

Northwest,   Cloudy. 

4 

t( 

-f- 

1-21900 

+   0-24100 

-    0-22800 

West,  Cloudy. 

5 
(3 

'( 

-1- 

0  68800 

+  0-31600 

-   0 -.36300 

North-west,  Fine. 

7 

<( 

-^ 

0-87100 

+  O-.39S0O 

-   6-11400 

South-west,  Fog. 

S 

" 

+ 

0-57400 

+   0-81300 

-   0-12100 

West,  Fog. 

9 

(1 

- 

0-71200 

-    0-04-200 

-   0-97600 

North-west,   Cloudy. 

10 

" 

+ 

1-21000 

+   2-4.3000 

-f    1-60500    ' 

North,  Fine. 

11 

<( 

2-75700 

+   5-00100 

+   1-33200   : 

North-east,  Sleet. 

12 
13 

(( 

+ 

0-91500 

-   0-69600 

-    2-01400 

South-west,  Fog. 

14 

" 

15 

<c 

Xo.  3 
t  ''Sou 
;  Coney 

inins  eastw 

them"  first 

Island  ra 

ard  from  Cape  C 
runs  south-east 
ns  south  ISO  mil 

anso. 

and  then  east. 

;s  and  then  west 

to  Xew  York. 

S  Reversing  current. 
!i  Aurora  very  bright. 
^  Reversing-  current. 

S.  S.  Dickenson,  Superintendent. 
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On  presenting  the  record,  Mr.  Stupart  stated  that  the  Eartli  Current 
values  had  been  plotted  on  millimetre  paper,  together  with  the  values  of 
the  magnetic  elements,  in  order  to  determine  whether  the  curves  of  the 
former  resembled  in  any  degree  the  magnetic  curves.  At  a  later  date 
the  result  would  be  placed  before  the  Society. 

Mr.  John  A.  Paterson,  M.A.,  Vice-President,  then  read  the  following 
address  : — 

THE  PROGRESS  OF  ASTRONOMY  IN  1894. 

The  days  of  1894  have  closed  their  record, — the  youngest  born  of 
all  eternity,  heiress  of  all  the  past  ages  and  mother  of  all  the  future  has 
given  place  to  another  year,  and  now  in  these  earliest  days  of  1895  we 
turn  back  and  ask  the  hand-maid  Science  what  she  has  thought,  what 
she  has  uttered,  and  what  she  has  wrought  for  the  betterment  of  the 
age  we  live  in  ;  and  not  only  that,  but  let  us  also  ask  her  what  foothold 
she  has  cut  for  the  upward  climber,  with  what  promise  she  has  inspired 
the  toiling  student,  and  what  guerdon  she  holds  out  for  those  who 
"  scorn  delights  and  live  laborious  days." 

All  discovery  is  not  truth,  and  all  knowledge  is  not  wisdom. 
Scientiiic  truth  comes  to  us  from  the  years  gone  by,  sifted  from  the 
alloy  of  error  as  gold  dust  sparkling  and  precious  is  washed  down  from 
the  rocks  and  filtered  through  the  sands  mingled  with  the  debris  of 
centiiries.  A  great  philosopher  has  left  us  this  to  ponder — "  the  inquiry 
of  truth,  which  is  the  love-making  or  wooing  of  it, — the  knowledge 
of  truth,  which  is  the  presence  of  it,  and  the  belief  of  truth,  which  is  the 
enjoying  of  it,  is  the  sovereign  good  of  human  nature."  That  was  Bacon 
looking  for  wisdom,  and  not  Bacon  looking  for  the  seals.  To  rest  is  to 
rust  ;  to  rust  is  to  rot ;  when  truth  rots  it  becomes  a  lie,  and  the  cor- 
ruption of  a  false  philosophy,  be  it  moral,  mental  or  scientific,  is  baneful, 
it  is  pestiferous,  liberty  hides  herself  and  civilization  retrogrades. 

When  we  ask  Truth  to  let  us  read  tliat  page  of  her  record  of  the 
past  year  mai-ked  "  Science,"  we  find  that  she  has  not  rested,  and  that, 
therefore,  she  has  not  perished  ;  that  she  has  been  wooed  by  many  a 
lover,  and  her  presence  has  been  the  enjoyment  of  many  a  student,  and 
thus  the  sovereign  good  of  human  nature  has  commanded  a  widespread 
loyalty.  We  deal  with  that  department  of  Truth  called  scientific,  and 
with  that  class  of  scientific  trutli  called  astronomical.  What  new  prin- 
ciples, then,  has  1894  demonstrated?     What  new  evolution  of  former 
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principles    has    she    recorded  ?     What    new    triumphs    of   astronomical 
research  has  she  embhizoned  on  her  banner  ? 

Great,  brilliant  leaps  of  astronomical  progress  were  made  when 
the  world  welcomed  Copernicus,  Ke[)ler,  Newton,  LaPlace,  Adams. 
Fraunhotfer,  the  Herschells,  Struve,  Proctor,  and  others.  The  invention 
of  the  telescope,  the  spectrosco])e  and  the  photographic  plate  mark  great 
epochs  in  astronomical  work.  The  history  of  astronomy  has  been  more 
like  a  variable  star,  now  flashing,  then  waning,  l>ut  yet  not  like  a  vari- 
able star,  but  constantly  and  steadily  increasing.  This  "  vai-iable  "  did 
not  flash  more  brightly  in  1894  than  in  some  former  jears  ;  it  shone 
with  a  steady  lustre  and  increasing  strength,  l)ut  with  no  startling 
radiance.  The  coral  architects  buihl  deeply  and  strongly  iar  beneath 
the  sunlight — their  foundations  are  laid  to  bear  a  crown  of  verdure  and 
fruitful  beauty  in  the  far  off"  future  ;  we  hail  this  crest  of  fertility,  but 
we  think  little  of  the  laboured  structure  down  in  th.e  dark  depths  on 
wliich  it  stands.  Students  and  observers  of  the  stars  may  toil  for  years, 
nav,  even  for  centuries,  to  reach  some  general  law  from  the  vastness 
and  variety  of  calculation  and  observation,  building  and  rebuilding, 
testing  and  retesting,  receiving  and  rejecting  ;  by  laborious  induction 
extracting  some  great  conclusions  from  a  bewildering  multiplicity  of 
details  ;  and  the  rest  of  the  world  hails  the  crowning  result,  and  thinks 
little  of  the  structure  of  laborious  lives,  successes  and  defeats,  cherished 
theories  uprooted  and  truer  propositions  upbuilt  in  the  buried  depths  of 
past  years.  The  year  1894  has  been  a  year  of  building,  broadly  and 
deeply  building ;  not  far  hence  may  we  see  the  pyramid  of  her  labour 
and  those  of  her  sister  years  crowned  with  some  glorious  consummation. 
We  must  not  expect  to  be  garnering  in  splendid  harvests  of  astronomical 
achievement  yearly,  else  tlie  cohorts  of  scientists,  like  so  many  philosophic 
Alexanders,  would  have  no  more  problems  to  conquer,  ami  lest,  indeed, 
their  observatox'ies  be  deserted,  their  spectroscopes  and  sensitized  plates 
rest  and  rust,  and  their  telesco]:)es  show  more  cobwebs  than  the  threads 
their  artificers  have  placed  therein. 

LORD  Salisbury's  address. 

One  of  the  scientific  events  of  the  present  year  is  the  address  of  the 
President  of  the  British  Association  for  the  Advancement  of  Science, 
the  Right  Hon.  the  JVlarquis  of  Salisbury,  Chancellor  of  the  University 
of  Oxford,  on  the  "Unsolved  Problems  of  Science."     It  bears  largely  on. 
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that  as  yet  imdiscovered  countiy  to  "whose  borders  roany  a  scientist^ 
from  that  ancient  astronomer  of  the  land  of  Uz  down  to  the  last  of  them 
has  gone  with  girt-np  loins  and  bouyant  hope,  and  after  gazing  wistfully 
through  the  dim  has  returned  baffled  and  weary  of  conjecture,  but  yet 
to  go  again  and  yet  again,  and  reach  out  still  farther  and  farther.  He 
speaks  much  of  our  own  special  })roblems  ;  the  ti-iumphs  of  the  spectrum 
analysis,  but  also  its  failure  to  discern  the  nature  of  the  atom  ;  the 
nebular  theory,  but  yet  the  want  of  nitrogen  and  oxygen  in  the  Sun  ; 
the  unsuccessful  quest  after  the  mystery  of  ether,  that  imponderable 
vacuous  entity.  He  might  also  have  challenged  a  solution  of  the  problem 
as  to  the  nature  of  gravity.  He  tells  us  of  the  vast  distance  between 
the  jelly  fish,  lying  upon  the  primeval  shore,  and  man  as  we  know  him 
now,  and  the  feeble  answer  that  "Evolution"  makes  when  overborne  by 
Xelvin's  arithmetic,  dealing  with  the  age  of  organic  life  hei-e  from  the 
necessary  gradual  refrigeration  of  the  Earth.  The  address  was  a 
remarkable  one,  coming  as  it  did  from  a  lay  scientist,  a  noble  son  of  a 
hundred  earls  and  a  distinguished  statesman,  "conveying  most  unworth- 
ily," as  he  said,  with  a  modesty  that  honoured  the  coronet  he  wore,  "  the 
voice  of  English  science."  Equally  striking  were  the  criticisms  which  it 
evoked.  Lord  Kelvin  said,  "  throughout  there  was  the  spirit  of  the 
student,  the  spirit  of  the  man  of  science."  Professor  Karl  Pearson,  on 
the  other  hand,  addresses  heart-cutting  words  to  the  nobleman  and 
reviles  his  address  at  this  "  the  great  annual  palaver  of  the  scientific 
tribe,"  as  he  calls  it,  and  speaks  of  it  as  conveying  a  message  of 
despaii-  and  ignorance,  which  finds  not  the  least  justification  in  the  facts. 
He  accords  Lord  Salisbury  the  credit,  as  he  thinks,  of  discarding  the 
"  old  bigotry,"  by  which  he  means  the  inspired  character  of  the  Old 
Testament,  and  then  indicts  him  for  advancing  a  new  and  a  more  danger- 
ous bigotry.  Moreover,  he  finds  a  deep  political  significance  buried  in 
its  sentences — a  cunningly  devised  conspiracy  against  the  liberties  of 
England.  This  is  surely  a  new  engine  of  politics.  We  have  not  yet 
reached  that  advancement  in  Canada  when  politicians  use  the  pure 
atmosphere  of  scientific  study  to  hatch  out  microbes  wherewith  to  cor- 
rupt the  liberties  of  the  people.  We  would  readily  run  that  risk  here, 
and  are  prepared  for  the  experiment.  Scientific  discussion  would  surely 
illuminate  with  a  heavenly  light  the  dark  meanderings  of  the  professional 
politician.  Imagine  if  we  can  a  Government  being  forced  out  by  an 
ante-election  speech  on  the  mystery  of  the  atom,  or  the  ether,  or  an 
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inquiry  how  the  nebular  tlieory  is  consistent  with  the  absence  of  nitro- 
gen and  oxygen  in  the  Sun  !  A  careful  and  unprejudiced  reading  of 
Salisbury's  address  brings  us  to  far  different  conclusions  ;  its  undertone 
is  no  Ichabod  lamentation,  neither  does  it  swell  with  any  foolish  enthu- 
siasm. It  is  true  he  says  "  Ignoramtts"  but  he  does  not  mean 
"  Ignorahivius "  and  so  end  it,  but  rather  "  lahorandum  est"  and,  it 
may  be  added,  at  the  risk  of  offending  Karl  Pearson  and  being  called 
"  bigot,"  "  orandion  est,"  and  so  Science  is  called  on  to  sweep  on  to 
higlier  reaches,  to  sound  deeper  depths  and  achieve  higher  triumphs. 
Napoleon  said  "  There  shall  be  no  Alps,"  and  his  eagles  soon  appeared 
on  the  sunny  plains  of  Italy.  Salisbury  is  not  so  drastic  ;  he  says  : 
'•'  Here  are  the  Alps  of  scientific  difficulty, — let  us  fairly  realize  our 
position, — let  us  not  imagine  that  we  are  upon  the  sunny  plains  of  Italy 
until  these  ice  cliffs  are  behind  us,  and  then  let  us  reach  out  our  hands 
for  the  fruits  of  conquest."  He  evinces  the  true  scientific  spirit  in  that 
he  stands  by  "  the  everlasting  law  of  honour  to  face  fearlessly  every 
problem  vvhich  can  fairly  be  presented  to  Science."  As  to  matters  of 
belief  that  appertain  not  to  sensation,  the  "  Ignoro  "  of  the  true  scien- 
tist must  be  followed  by  ''■  sed.  credendum  est."  Karl  Pearson  to  the 
contrary,  notwithstanding,  we  venture  to  affirm  that. 

A  disciple  of  the  "  old  bigotry  "  may  yet  be  an  evolutionist.  The 
Creator  with  His  omnipotent  fiat  may  in  an  instant  create  a  line  of  battle 
ship,  with  all  its  equipment,  armament  and  panoply,  and  we  would  say, 
here  is  wondrous  power.  But  if  the  Creator,  not  only  with  omnipo- 
tence, but  with  omniscience,  creates  a  cockle-shell  boat  and  devises  and 
gifts  it  with  some  wondrous  internal  mechanism  whereby  the  shell  can 
in  ages  advance  through  all  intermediate  gradations  and  climb  the  scale 
of  naval  architecture  until  grown  a  monster  and  equipped  with  armour 
plates,  and  batteries,  and  decks,  with  its  mighty  engines  in  its  heart,  it 
rides  the  sea  an  "  evolution  "  ;  then  would  we  say,  here  is  not  only  won- 
drous power,  but  here  is  wondrous  wisdom — not  only  is  Jupiter  here 
with  right  hand  clutching  the  emblems  of  powei-,  but  here  is  Minerva 
with  her  far-reaching,  deep-sounding  intellect.  If  "evolution"  can  be 
placed  upon  a  solid,  scientific  basis  (which,  however,  is  much  doubted), 
then  no  Christian  man  need  fear  for  the  foundations  of  his  Christianity. 
Scientific  truth  is  mighty  and  loveable,  because,  and  only  when  God  is 
behind  her,  —  there  is  no  valid  antithesis  between  what  man  discovers  and 
what  God  reveals.     Says  Dr.  Josiah  Strong,  "  Science  discovers  natural 
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laws  and  processes,  and  if  God  is  really  the  ruler  of  the  Universe,  the 
laws  and  processes  of  nature  are  only  the  Divine  puiposes  and  methods. 
■Science  is  therefore  as  truly  a  revelation  from  God  as  are  the  Scrip- 
tures, as  really  a  revelation  of  His  will,  as  was  the  Decalogue  and  one 
which  is  to  have  as  real  a  part  in  the  coming  of  His  Kingdom  among 
men  as  the  New  Testament — God's  will  expressed  in  what  we  call 
natural  law  is  as  benevolent  and  as  sacred  as  His  will  expressed  in 
what  we  call  moral  law." 

1.    THE    SUN. 

"  See  the  Sun  ! 
God's  crest  upon  His  azure  shield  the  Heavens." 

From  the  dawn  of  history  man   has  uplifted  his  wondering  gaze  to 
the  Sun  and  sought  to  wrest  from   him   his  secret  and  write  his  story  ; 
slowly  but  surely  are   astronomers   with   busy  brain   and   skilful  hand 
plucking  out  the  heart  of  his  mystery.     During  1894  sun-spot  activity 
was  especially  active,  in  April,    July   and   August.     In  contrast  with 
1893  aurorye  have  been  numerous   and   brilliant,   in  January,  February 
and  March  especially  so.     Dr.  Veeder's  work  in  North  Greenland  goes 
bravely  on.     Solar  sj)ectroscopy  has  made  an  emphatic  advance.     The 
well  known  researches  of  Langley  on  the  heating  effects  of  the  spectrum, 
and  particularly  the  infra  red  region,  \rA\e  been  hitherto  carried  on  by  labo- 
rious micrometrical  measurements  of  the  deflections  of  the  bolometer,  but 
they  are  now  being  conducted  automatically  by  a  very  ingenious  instru- 
ment recently  constructed   by  the  Smithsonian  Astro-Physical  Observa- 
tory, and  thus  our  knowledge  of  the  invisible  rays  beyond  the  red,  and 
the  important  part  played  by  the  Earth's  atmosphere  in  absorbing  them, 
will  certainly  be  largely  extended  by  its  means,  seeing  that  in  a  single 
day  this  apparatus  will  accurately  record  more  details  in  the  spectrum 
than   can    be    obtained   with   a    year's    assiduous    labour    with    the  old 
method.      This    most   wonderful    mechanism    may    be    thus    briefly    de- 
scribed : — The  spectrum   is  made  to  slowly  revolve  by  clock-work  past 
the  bolometer  thread,  which  consists  of  a  narrow  strip  of  metal  put  in 
a  position  parallel  to  the  lines  on  the  spectrum,  and  which  form  jiart  of 
an  electric  circuit.     As  the  dark  lines  of  the  spectrum  pass  over  it  very 
small  variations  of  temperature  occur,  and  thus   the   electric  resistance 
is  altered,    producing  corresponding    variations  in  the  current  passing 
through  it,  which  in  turn  affect  the  needle  of  an  extremely  sensitive 
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galvanometer ;  to  this  needle  a  minute  mi;  roi-  is  attached,  which  reflects 
a  ray  of  light  upon  a  sensitized  sheet  of  ])aper,  and  thus  every  move- 
ment of  the  needle  is  permanently  recorded.  Thus  the  Sun,  that  great 
mystery,  is  dominated  by  the  intellect  of  man  and  compelled  to  write  its 
own  story,  and,  like  a  sentient  being,  discourses  of  its  own  nature.  The 
solar  prominences,  those  fascinating  flames  which  previously  could  only 
be  drawn  in  haste  during  the  four  or  five  fleeting  minutes  which  the 
totality  of  an  eclipse  lasts,  are  now  mapped  out  at  will,  and  have  been 
photographed  day  by  day  since  1891  ;  especially  in  Italy  has  tliis  work 
been  carried  to  great  perfection,  the  shell  of  the  Suu  has  practically 
been  taken  to  pieces  and  each  layer  separately  photograj^hed.  Deslandres 
■of  Paris  and  Hale  of  Chicago  seek  the  further  triumph  of  ])hotographing 
day  by  day,  as  well,  the  faint  invisible  corona,  that  mysterious  lus- 
trous agglomeration  of  matter  wliich  surrounds  our  briglit  star  and 
extends  two  or  three  millions  of  lailes  into  space — and  most  probably 
they  will  succeed.  Deslandres  follows  the  method  of  Wm.  Huggins,  the 
founder  of  the  spectral  analysis  of  the  stars,  which  consists  in  absorbing 
all  the  luminous  rays  emanating  from  the  Sun  and  its  corona  with  the 
excejitiou  of  the  ultra-violet  rays,  and  photographing  the  violet  image 
thus  obtained.  On  one  of  his  photographs  the  Sun  really  appears  sur- 
rounded by  a  "glory"  sharply  separated  from  the  diffuse  light  of  the 
-sky,  and  most  probably  representing  the  corona  ;  this,  however,  is  diffi- 
cult to  test,  as  it  is  really  the  photograph  of  an  invisible  object. 
Professor  Hale  has  made  a  further  trial  of  his  spectroscopic  method  of 
photographing  the  corona  in  full  sunshine  from  the  top  of  Pike's  Peak 
and  also  from  Mount  ^tna.  Last  year  there  were  two  solar  eclipses, 
one  an  annular  on  the  5th  April,  with  a  duration  of  from  30"  on  the 
Eastern  coast  of  India  to  less  than  a  single  second  in  North-western 
•China  ;  the  other,  on  the  28th  September,  was  total,  with  a  maximum 
duration  of  not  quite  2',  but  its  path  lay  across  the  Indian  and  Antarctic 
Oceans,  and  offered  no  good  stations  for  observation. 

The  theory  of  sun-spots — the  period  of  their  appearances,  their  con- 
nection with  the  form  of  the  corona  and  the  magnetic  disturbances 
observed  on  the  Earth  have  compelled  much  observation  during  the 
past  year. 
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2.    JUPITER. 

"  Hail,  mighty  chief  !  " 

Next  to  the  Sun,  the  Jovian  system  commands  our  interest.  The  dis- 
cussion— we  were  almost  going  to  write  "quarrel  " — over  the  form  of  the 
satellites  .still  rages.  Professor  Pickering  from  his  Andean  Observatory 
at  Arequipa,  surrounded  by  the  purest  atmospheric  conditions,  is  certain 
he  is  right,  that  in  fact  the  first  satellite  is  a  prolate-sj)heroid  or  lemon- 
shaped,  and  revolves  end  on  end  reversely  to  its  orbital  motion.  The 
second  is  an  ellipsoid  of  three  unequal  axes,  like  a  squeezed  lemon  or 
fish-shaped,  and  revolves  round  her  intermediate  axis.  The  third,  the 
larger,  is  orange-shaped,  keeps  her  face  always  to  the  planet ;  the  fourth 
is  the  brunette  of  the  family  (the  rest  are  blondes),  and  orange- shaped 
like  her  sister  next  her,  but  revolves  so  that  her  edge  is  kept  towards 
the  planet,  her  progenitor.  And  thus  they  seem  to  be  clouds  of  gaseous 
matter,  and  not  solid  globes,  and  writhe  as  they  circle  round  their  gigan- 
tic centre.  E.  E.  Barnard,  from  Mount  Hamilton,  fails  to  confirm 
these  observtitions,  but  admits  that  the  satellites  when  crossing  the  disk 
appear  oval  at  some  part  of  their  transit,  which  is  occasioned  by  their 
poles  being  lost  in  the  light  of  the  planet,  and  so  the  middle  part  of  the 
satellite,  being  all  that  is  visible,  appears  egg-shaped  and  lying  on  it^ 
side. 

Professors  Plolden  and  Schaeberle,  and  Burnham  also,  differ  from 
the  Peru  observers,  and  present  their  views,  as  they  say,  "  courteously, 
but  very  plainly."  If  astronomical  questions  are  to  be  settled  by  the 
principle  of  majorities,  then  the  much  discussed  satellites  are  surely 
circular.  But  Galileo  was  at  one  time  in  the  minority  very  largely. 
Mayhap  the  observations  at  Ju])iter's  opposition  on  22nd  December  may 
advance  the  truth,  at  least  so  Professor  Pickering  promised  last  June. 
Professor  Holden  says  "  everything  is  not  yet  settled  with  respect  to 
Jupiter's  satellite  system." 

3.    A    NEW    STAR. 
"  A  single  star  sparliles  uew-set  in  heaven." 

The  discovery  of  Nova  Nornije  affords  another  of  the  many  examples 
of  the  remarkable  value  of  photography  as  an  aid  to  astronomical  inves- 
tigation. A  spectrum  plate  taken  at  Arequipa  was  months  after  being 
examined  by  Mrs.  Pleming  at  Harvard,  when  it  was  found  to  contain  the 


Tlie  Astronomical  and  Physical  Society  of  Toronto.  155 

impression  of  a  new  star  of  about  the  Ttli  magnitude.  It  afterwards,  in 
May,  fell  to  the  1-ith  magnitude,  and  in  June  it  had  risen  to  the  10th 
magnitude.  The  spectrum  at  its  first  discovery  showed  the  bright  and 
dark  lines,  but  later  it  dwindled  to  a  nebula.  The  Nova  Aurigi\3  of  1893, 
and  the  Nova  Cygni  of  1876,  ran  through  the  same  evolution.  Only  five 
new  stars  have  been  discovered  since  the  application  of  the  spectroscope 
to  astronomical  investigation,  and  that  three  of  those  should  have  similar 
spectroscopic  histories  is  a  lemarkable  fact  and  pregnant  with  possibili- 
ties. A  ■Mr.  Bicherton,  of  New  Zealand  University,  has  a  theory  of 
new  and  variable  stars,  which  may  thus  be  concisely  stated  : — Let  space 
be  occupied  by  a  vast  number  of  dark  bodies,  almost  all  in  motion  ; 
some  may  be  as  large  as  the  whole  solar  .system  ;  two  of  them  may  come 
into  collision,  the  impact  being  probably  oblique.  In  this  event,  a  por- 
tion common  to  tlie  two  will  be  broken  off  and  remain.  The  two 
"  wounded  "  stars  may  go  off  into  sj)ace,  or,  controlled  by  their  attrac- 
tions for  each  other,  or  for  the  third  star,  may  form  a  binary  or  multiple 
system.  The  middle  part  will  be  a  temporary  star,  or  may  survive  as  a 
nebula  or  system.  The  "  wounded  "  stai-s  revolve  on  their  axes,  and, 
the  side  of  collision  being  hotter  than  the  rest,  will  present  the  pheno- 
menon of  variable  stars.  It  would,  therefore,  be  expected  that  variable 
stars  should  frequently  occur  in  pairs,  and  that  variable  stars  should 
remain  where  temporary  stars  have  appeared.  For  this  reason  it  is 
evident  that  variable  stars  might  gradually  lose  their  variability  and 
become  ordinary  stars.  But  it  is  better  to  have  many  ol)servations  and 
few  theories  than  to  have  few  observations  and  many  theories. 

4.    COMETS. 

"  And  from  his  horrid  hair  shakes  pestilouce  and  war." 
Kepler  said  "  there  are  as  many  comets  in  the  heavens  as  fish  in 
the  sea."  The  observers'  net  in  1894  has  not  been  cast  in  vain.  Two 
have  been  discovered,  and  two  periodic  comets  have  been  re-found. 
Mr.  W.  F.  Denning,  of  Bristol,  England,  has  again  demonstrated  his 
skill  and  industry,  and  to  the  roll  call  of  the  planets  has  been  added 
a,  1894,  first  seen  on  March  26th,  a  month  after  its  perihelion  passage. 
It  is  of  short  period,  about  eight  years,  and  is  inconspicuous  in  the  tele- 
scope, the  most  noticeable  of  its  features  being  the  very  eccentric  posi- 
tion of  the  nucleus,  and  an  apparently  very  short,  broad,  fan-shaped  tail. 
Dr.  Hind  says  this  comet  will  approach  the  orbit  of  Jupiter ;  it  may 
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there  share  the  fate  of  others  of  its  family,  either  be  broken  up  or  be 
wheeled  off  in  some  might}^  ellipse  or  hyperbola.  The  second,  6,  1894,  is 
claimed  by  Mr.  Gale,  of  Sydney..  N.S.W.,  first  seen  on  1st  K\)V\\  and 
in  Europe  visible  to  the  naked  eye  in  May.  Professor  Barnard,  of  the 
Lick  Observatory,  succeeded  in  developing  beautiful  jihotographs  of 
this  comet,  and  demonstrated  the  advantage  of  this  way  of  observing 
the  structure  of  the  tail  over  ordinary  observation  through  the  eye- 
piece. On  May  10th,  Mr.  Finlay,  of  the  Cape  of  Good  Hope  Observa- 
tory, succeeded  in  finding  Tem})le's  comet,  known  as  1873  II.  Encke's 
comet  has  also  been  detected  both  visually  and  photographically.  In 
addition  to  this  catalogue,  it  may  be  observed  that  Dr.  Schaeberle  recog- 
nized a  comet  near  the  Sun  on  the  photographic  j)late  of  the  eclipse  of 
16th  April,  1893.  This  was  for  some  time  debated,  until  the  record  of 
the  African  photographic  plate  verified  that  of  the  South  American,  and 
so  the  '■'■  coronal  comet"  became  a  reality.  For  his  discovery  the  Astro- 
nomical Society  of  the  Pacific,  over  the  names  of  Holden  and  Schaeberle, 
awarded  the  Comet  Bronze  Medal  to  Mr.  Denning.  But  the  English- 
man, thinking,  perhap.s,  that  his  fame  as  a  comet  finder  was  more  endur- 
ing than  American  metal,  declined  the  honour  of  the  gift,  which  he 
rather  contemptuously  calls  "  a  bit  of  bronze."  We  have  not  yet  heard 
of  any  consequent  international  difficulties.  As  an  example  of  dogged 
perseverance,  it  may  be  recorded  that  Denning's  work  of  five  new 
comets  covered  nearly  600  hours  clear  sk}^  sweeping,  which  is  equivalent 
to  two  months'  work  for  two  hours  a  night  of  unclouded  weather  for 
each  comet.  Yet  another  comet  was  discovered  on  20th  November  by 
Edward  Swift,  by  his  16-inch  telescope,  on  the  top  of  Echo  Mountain, 
near  Los  Angeles,  Cal.  It  was  a  veiy  faint  comet,  and  seemed  to  be 
moving  in  a  path  very  like  that  of  De  Vico,  known  as  1844  I.  If  this 
turns  out  to  be  the  truth,  we  have  the  phenomena  of  a  bright  comet  lost 
for  fifty  years  (whose  proper  ])eriod  is  about  five  and  a-half  years), 
appearing  now  shorn  of  much  of  its  brilliance. 

5.    ASTEROIDS. 

"  And  teach  me  how 
To  name  the  bigger  lights,  and  how  the  lts% 
That  burn  by  day  and  night." 

The  number  of  the  asteroids  that  are   dodging  about  between  Blars 
and  Jupiter  is  becoming  embarrassing.     Before  the  application  of  photo- 
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graphy  to  star  liunting  the  asteroid  population  could  be  kept  within 
reasonable  limits  ;  but  now  we  know  not  if  a  thousand  or  more  of  these 
fifteen  or  twenty  mile  worlds  may  not  yet  be  accurately  catalogued. 
The  old  order  of  things  was  tedious  chart-making,  and  star-by-star 
comparisons  of  chart  and  sky,  and  so  strangers  were  discovered  in  the 
upper  galleries.  But  now  a  photographic  plate  is  strapped  to  a  telescope 
covering  a  large  field  of  view.  The  plate  is  exposed  for  some  hoiirs, 
and  by  clock-work  kept  in  motion  at  the  same  rate  as  the  diurnal  rota- 
tion of  the  heavens.  Then  scnitinize  the  plate.  Each  one  of  the  many 
thousand  stars  will  appear  as  a  round  defined  white  dot.  But  look 
again  :  a  white  line  marks  the  plate,  and  lo,  an  asteroid  1  Its  own  inher- 
ent motion  produces  a  white  line  ;  but,  let  us  pause  ;  he  may  be  an  old 
friend,  and  so  let  his  place  be  compared  with  former  catalogues  ;  and  he 
may  now  be  a  little  stranger  ;  if  so,  he  is  recorded  by  his  proud  discov- 
erer and  duly  named  by  his  glad  god-father.  And  thus  it  is  that  these 
wandei'ing  children  of  the  Sun  are  by  the  chemical  etTect  of  sunlight 
on  the  [fhotographic  film  picked  out  fi'om  the  bewildering  maze  of  star, 
and  nebula,  and  comet,  entered  on  the  roll  of  the  solar  sy.stem  ;  and  so 
another  strip  of  the  unknown  desert  of  the  sky  is  fertilized  by  the  work 
of  the  astronomer,  and  Science  has  planted  her  foot  one  step  farther  on. 
Charlois  Wolf  and  Courty  are  the  principal  workers  at  this  research. 
At  least  twenty  have  been  discovered  in  1894. 

G.    THE    K.   A.  S.   MKDAL. 
"  Palmaiii  qni  meruit  fei'at." 

The  gold  medal  of  the  Royal  Astronomical  Society  was  awarded  to 
Mr.  S.  W.  Burnham  for  his  discovery  and  measurement  of  double  stars. 
This  gentleman  has  had  a  very  distinguished  career  as  an  astronomer  ; 
beginning  life  as  a  stenogra])her,  he  became  director  of  the  Chicago 
Observatory,  and,  on  the  establishuient  of  the  Lick  Observatory,  w-as 
appointed  to  a  post  therein.  He  now  holds  the  position  of  Professor  of 
Practical  Astronomy  at  Chicago  University.  Of  douljle-star  observers 
the  world  over  he  is  facile  princeps.  The  Eoyal  Astronomical 
Society  in  awarding  to  him  the  highest  distinction  it  could  confer, 
acknowledged  through  Captain  Abney,  its  President,  the  honour  w^hich 
it  reflected  on  the  Societv. 
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7.    TRANSIT    OF    MERCURY. 

"  First  in  his  silver  circle  wheels 
Fair  Maia's  swiftly  flying  son." 

True  to  its  liour,  on  10th  November,  1894,  as  predicted  by  Ferguson, 
the  Scottish  astronomer,  more  than  100  years  ago,  Mercury  appeared 
oa  the  disc  of  the  Sun,  and,  true  to  its  law,  made  its  transit.  The 
phenomenon  is  not  one  of  great  importance,  but  its  rarity  gives  it 
consequence,  and  it  is  useful  to  verify  and  correct  astronomical  tables 
and  to  elucidate  some  problems  relative  to  the  planet's  atmosphere. 
There  is  not,  as  a  rule,  very  much  interest  taken  in  the  younger  brotlier, 
but  when  Venus,  the  elder  sister,  makes  her  periodic  sweep  across  her 
parent's  face,  then  truly  the  astronomical  world  palpitates  with  excite- 
ment to  watch  what  particular  path  she  will  take,  so  that  Terra,  the 
next  older  sister,  may  know  how  far  she  has  been  placed  from  her 
fiery  sire. 

Mr.  Henry  C.  Mayne,  a.  writer  on  sun-spots,  from  Eochester, 
observed  a  brownish,  transpai'ent,  oval  shadow  just  in  advance  of  the 
planet.  Tests  were  made  with  the  lenses  to  secure  perfect  optical 
alignment,  and  so  make  sure  there  was  no  optical  illusion.  The  possi- 
bility presents  itself  of  a  large  gaseous  satellite  of  Mercury  picked  up 
by  him  in  its  rapid  revolution  round  the  Sun,  not  dense  enough  to 
cut  off  the  sunlight  completely.  It  is  not,  however,  recorded  how  far 
this  satellite  moved  during  the  six  hours  of  the  transit. 

8.    MARS. 
"  The  Warrior  of  the  skies." 

The  opposition  of  j\lars  in  tlie  latter  part  of  October  brought  round 
in  their  orbit,  as  regular  as  that  of  Mars,  tlie  swarm  of  newspaper 
meteorites,  wherein  the  editorial  "  we "  and  the  unknown  quantity 
"  they  "  did  duty  as  most  veracious  chroniclers  of  the  most  wondrous 
phenomena.  Our  forefathers  ascribed  a  peculiar  influence  of  the  full 
Moon  upon  not  overly  strong-minded  people,  but  in  these  later  days  it 
would  seem  that  such  an  adverse  influence  should  be  transferred  to 
Mars,  and  our  asylums  should  be  called  "  Martian  "  and  not  tlie  other 
kind.  This  was  especially  so  in  the  last  opposition  in  1892,  when  the 
])ress  became  so  gorged  with  nursery  tales  about  Mars,  the  fiery-eyed, 
that  the  Lick  Observatory  peojile  were  compelled  to  publish  a  statement 
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that  no  notice  was  to  be  taken  of  ai\y  reported  observation  from  Mount 
Hamilton  unless  it  was  authenticated  by  the  signature  of  one  of  the  astro- 
nomers. This  year  the  "  silly  season  "  recurred  in  full  force.  We  have 
heard  of  a  cla.ss  of  citizen  in  Toronto  called  "  Aqueducter."  It  is  a  small 
and  privileged  class  ;  but  in  Mars  every  one  must  be  an  "  Aqueducter," 
and  they  can  dig  canals  as  large  as  the  Red  Sea  or  the  Gulf  of  Cali- 
fornia ;  and  not  only  that,  but  they  have  the  insolence  to  flash  bright 
signals  to  their  less  favoured  brethren  ou  this  Earth,  and  so  glorify 
their  work  and  jeer  at  the  small  success  attending  that  of  terrestrial 
toilers.  Brightly  flashing  points  have  doubtless  been  seen  beyond  the 
general  line  of  the  terminator,  but  they  are  doubtless  occasioned  by  the 
Sun's  setting  or  dawning  rays  gilding  a  vast  extent  of  cloud  floating  at  a 
great  height  in  the  INIartian  atmosphere,  if  such  there  is,  or  irradiating 
a  mountain  peak  rising  with  steep  slope  from  the  surrounding  plains. 
Tlie  question  of  the  existence  of  a  Martian  atmos[)here  drew  forth 
much  discussion  in  the  1  894  journals.  The  spectroscope  lias  been  con- 
sulted, and  its  answer  is  that  it  cannot  detect  any  appreciable  atmos- 
phere. The  problem  is  soluble  by  a  comparison  of  the  Martian  and 
Lunar  spectrum  taken  when  these  bodies  are  at  the  same  altitude,  when 
the  telluric  lines  would  have  the  same  influence  in  each  case.  Mr. 
Campbell,  of  the  Lick  Observatory^,  finds  they  are  precisely  similar.  "We 
know  the  Moon  has  no  appreciable  atmosphere,  and  so  therefore  neither 
has  Mars.  But  what  then  are  we  to  do  with  the  phenomena  of  the 
snow-cap,  with  its  diameter  of  47  degrees  last  June  and  its  gradual 
disappearance,  bordered  by  a  dark  streak,  at  least  100  miles  in  width, 
perhaps  a  polar  sea  formed  by  the  melting  Sun  1  With  Mars  the  criti- 
cal speed  is  about  three  miles  a  second,  and  with  that  he  can,  like  the 
Earth,  hold  on  to  his  oxygen  and  water  vaponr.  The  summation  of  the 
-evidence  would  justify  a  conclusion  that  the  atmosphere  at  the  surface 
of  the  planet  is  about  half  as  thin  as  ours  is  on  the  summit  of  the 
Himalayas,  but  more  heavily  charged  with  watery  vapour,  and  such  that 
no  terrestrial  lung  could  successfully  breathe  as  a  steady  occupation. 
Before  we  leave  Mars  we  would  call  attention  to  Flammarion's  ingenious 
suggestion  that  at  the  proper  relative  position  of  the  three  bodies  the 
Sun's  disc  should  be  mirrored  in  the  lakes  of  Mars  and  be  seen  by  an 
observer  on  tlie  Earth. 
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9.    THE  MOOX. 

"  Swear  not  by  the  Moon,  the  inconstant  Moon, 
That  monthly  changes  in  her  circled  orb." 

In  September,  1894,  for  the  first  time  in  nearly  nineteen  years,  the 
Harvest  Moon  appeared  in  her  full  splendour.  The  Moon's  ascending 
node  was  very  near  the  vernal  equinox  on  the  14th  September,  the  date 
of  the  full  Moon,  and  consequently  the  inclination  of  her  orbit  to  the 
horizon  was  very  neai-ly  the  same  as  if  the  node  were  exactly  at  the 
equinox,  and  therefore  the  inclination  was  a  minimum.  Hence,  the 
intervals  between  the  times  of  the  Moon's  rising  near  the  September 
full  Moon  were  a  minimum.  The  average  interval  between  the  Moon's 
rising  on  successive  nights  is  about  51  mins.,  but  for  a  week,  between 
13th  September  and  20th  September,  it  was  only  about  25  mins. 

10.    IJXIFICATIOX    OF    TIME. 

In  the  onward  march  of  astronomical  events  and  discussion,  the  part 
that  our  own  Society  has  taken  must  not  be  overlooked.  To  ourselves 
she  is  "a  little,  but  a  dear  one."  We  are  not  rich  in  professional  scien- 
tists or  in  astronomical  renown,  but  when  we  recollect  what  successful 
work  patient  amateurs  have  done  in  the  past  and  what  great  discoveries 
small  telesco])es  have  made,  let  us  not  despair.  Dr.  Sandford  Fleming 
suggested  a  unification  of  the  Civil  and  Astronomical  Day,  and  our 
Society,  aided  by  the  Canadian  Institute,  has  taken  a  leading  part  in 
the  movement  for  effecting  that  change.  It  must  be  remembered  that 
the  civil  day  begins  at  midnight  and  ends  at  midnight  following  ;  the 
astronomical  day  begins  at  noon  of  the  civil  day  and  continues  until 
the  following  noon  ;  the  nautical  day  commences  at  the  preceding  noon 
and  ends  at  noon  of  the  civil  day  ;  and  thus  any  given  date  extends  over 
or  into  three  different  days.  In  May,  1893,  a  circular  was  sent  out  to 
astronomers  of  all  nations,  inviting  replies  to  the  following  questions  : — 
"  Is  it  desirable,  all  interests  considered,  that  on  or  after  1st  day  of 
January,  1901,  the  astronomical  day  should  everywhere  begin  at  mean 
midnio-htl"  The  last  of  the  replies  came  in  December,  1894,  from 
Signor  Denza,  Chief  Astronomer  of  the  Vatican  Observatory,  signifying 
his  assent  to  the  change.  This  made  171  replies  in  all,  of  which  108 
were  in  the  affirmative  and  63  in  the  negative.  By  countries  they  voted 
as   follows : — For    the   change — Austria,   Australia,   Belgium,   Canada, 
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Columbia,  England,  France,  Greece,  Ital^^,  Ireland,  Jamaica,  Madagas- 
car, Mexico,  Houmania,  Russia,  Scotland,  Spain,  and  United  States  of 
America — 18  in  all.  Against  the  change — Germany,  Holland,  Norway, 
and  Portugal — 4  in  all.  The  eighteen  countries  in  favour  of  the  change 
represent  85  per  cent,  of  the  tonnage  of  the  world's  marine.  His 
Excellency  the  Governor-General  of  Canada,  was  asked  to  bring  the 
wliole  matter  to  the  attention  of  the  Imperial  Government,  so  that 
some  common  international  understanding  might  be  reached.  The 
British  authorities  desire  to  know  whether  the  observatories  who  pub- 
lish nautical  almanacs  desire  the  change,  and  accordingly  the  British 
Ambassadors  of  foreign  Courts  have  been  i-equested  to  bring  the  matter 
to  the  notice  of  the  several  Governments  to  which  they  are  accredited, 
and  report.  The  coming  change  in  1901  is  on  the  highway  of  progress. 
The  Davidic  sling  once  more  moves  the  old  Goliath  of  scientific  conser- 
vatism. Modest  Toronto  points  the  way  of  unity  and  simplicity  to  the 
kingdoms,  empires  and  thrones  of  the  Earth.  The  housewife  in  the 
kitchen,  the  sailor  in  his  cabin  on  the  Atlantic,  and  the  astronomer  in 
his  observatory,  swee[)ing  the  greater  Atlantic  of  space,  can  be,  and 
should  be,  regulated  by  one  time  system.  Conservation  of  areas  is 
scientific,  so,  too,  is  conservation  of  energy,  but  veiily  conservation  of 
time  is  not. 

Before  closing  this  reference  to  our  own  Society's  work,  we  would 
further  record  that  the  torch  of  asti-onomic  study  has,  during  the  past 
year,  been  lighted  at  the  town  of  MeaforJ,  where  a  flourishing  Society 
has  been  formed,  and  bears  affiliation  to  our  own. 

11.    ARE    OTHER    WORLDS    INHABITED? 

•'  Who  can  believe  that  the  Great  Architect 
With  all  these  tires  the  lieavenly  arches  decked 
Only  for  show  ?  " 

But  to  turn  for  a  moment  or  two  from  the  rigorously  scientific  to 
what  boi'ders  upon  the  romantic,  but  is  also  scientific.  The  imagina- 
tion of  the  astronomer  still  finds  much  to  feed  upon  in  tlie  intensely 
interesting  question  of  the  inhabitability  of  other  worlds.  Sir  Robert 
Ball  finds  time  to  discuss  it  most  scientifically  in  a  recent  number  of 
the  Fortnightly  Review,  and  we  have  Camille  Flammarion  writing  a 
clever  conceit  under  the  heading  "  Can  organic  life  exist  in  the  solar 
.system  anywhere  but  in  the  Planet  Mars  1  "  being  a  letter  from  a  citizen 
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of  Mars,  found  in  a  meteorite,  wherein  it  is  conclusively  proved  that 
only  in  Mars  can  there  be  life  ;  that  the  most  elementary  common  sense 
teaches  that  the  other  planets  are  either  too  near  or  too  far  from  the 
Sun,  and  that  "  our  own  is  alone  at  the  golden  mean  *  *  *  What 
would  they  make  of  our  seventeen  senses  1  The  sense  of  magnetic 
direction  will  certainly  be  wanting,  and  their  dull  intelligence  will 
surely  be  incapable  of  communicating  by  psychic  force  alone.  Unques- 
tionably they  can  enjoy  no  more  tlian  five  or  six  senses." 

The  Creator  made  man  for  wise  purposes  a  restless  enquirer.  For 
ages  scientist  has  reasoned  and  ])oet  has  dreamed  as  to  this  problem, 
for  man  is  a  gregarious  animal,  and  his  social  desii'es  are  not  bounded 
by  this  globe.  A  voice  comes  from  Westminster  Abbey,  the  ever  elo- 
quent Laureate,  of  whose  words  death  cannot  rob  humanity — 

"  Venus  near  her  !     Smiliug  downward  at  this  earthlier  earth  of  ours, 
Closer  on  the  Sun,  perhaps  a  world  of  never  fading  flowers. 
Hesper,  whom  the  poet  call'd  the  Bringer  home  of  all  good  things  ; 
All  good  things  may  move  in  Hesper  ;  perfect  peoples,  perfect  kings. 
Hesper — Venus — were  we  native  to  tliat  splendour,  or  in  Mars, 
We  should  see  the  globe  we  groan  in  fairest  of  their  evening  stars. 
Could  we  dream  of  wars  and  carnage,  craft  and  madness,  lust  and  spite 
Roaring  London,  raving  Paris  in  that  point  of  peaceful  light  ? 
Might  we  not  in  glancing  heavenward  on  a  star  so  silver  fair, 
Yearn,  and  clasp  the  hands,  and  murmur  "  Would  to  God  that  we  were  there  !" 


12.  THE  CYPRESS  BLOOMS  ABOVE  THE  LAUREL. 

"  Twilight  and  evening  star 
And  after  that  the  dark." 

The  Father  gives  to  every  man  to  read  in  the  Star  book  of  Xature 
that  which  He  has  written,  and  to  reveal  what  is  still  unread  in  these 
"  Manuscripts  of  God  '"' ;  and  when  the  man  has  read  these  marvellous 
tales  and  interpreted  them  to  his  less  gifted  fellow  man,  then  the  Father 
calls  him  home  to  read  other  volumes  with  brighter  vision  and  clearer 
mind.  Among  those  called  upward  last  year  we  have  to  record  A. 
Cowper  Ranyard,  the  editor  of  Knoicledge,  who  succeeded  Richard 
Proctor,  and  caught  his  inspiration.  He  finished  for  him  his  great  work, 
"  Old  and  New  Astronomy."  Peters,  the  astronomer,  also  ended  his 
earthly  labours.  Both  were  painstaking  men  and  eminent  for  their 
research.     The  great   Italian  astronomer,  Sisinor  Denza,  of  the  Vatican 
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Observatory,  in  December  last,  and  not  long  after  lie  had  written  his 
assent  to  the  plan  for  unifying  terrestrial  time,  as  above  noted,  passed 
away  to  where  time  and  etei-nity  are  united. 

We  bear  in  our  saddened  memories  the  fact  of  our  own  President 
and  friend,  Charles  Carpmael,  having  passed  away.  A  full  record  of 
this  will  appear  elsewhere  in  our  Transactions  for  the  ])ast  year. 

Science  lost  one  of  her  most  gifted  sous  on  the  9th  September  last, 
when  Hex-man  Ludwig  Ferdinand  Von  Helmholtz  died  in  the  74th  year 
of  his  age.  He  was  not  an  astronomer  in  the  narrow  sense  of  the  term, 
but  in  the  department  of  Physics  he  shone  with  great  lustre.  On  his 
70th  birthday  the  crowned  heads  of  Europe  and  the  scientific  institu- 
tions of  the  world  vied  in  conferring  honours  upon  him,  at  a  great 
international  demonsti-ation.  "  Science,"  says  JVature,  "  has  had  few 
investigators  who  have  farthered  her  interests  more  than  Helmholtz. 
He  was  constantly  exploring  new  fields  of  research  or  bringing  his  keen 
intellect  to  bear  upon  old  ones.  With  his  conti'ibutions  he  helped  to 
raise  science  to  a  higher  level." 

THE    FUTURE. 

The  year  1895  is  now  with  us,  and  astronomers  are  still  building 
upwards  to  the  sunlight  of  perfect  knowledge,  and  slowly  conquering 
inch  by  inch  the  unknown,  which  is  not  unknowable.  The  myriad 
songs  which  Nature  sings  to  all  her  children  are  being  year  by  year 
more  clearly  interpi-eted,  and  the  jarring  discord  of  error  is  being 
separated  from  the  Creation's  diapason  of  praise.  What  not  long  ago 
was  insoluble  is  now  taught  to  our  children  in  the  schools  as  a  matter  of 
common  knowledge.  The  records  of  the  sky  are  year  by  year  more 
truly  read,  and  the  mountain  tops  commence  to  glow  with  the  dawn 
of  coming  triumphs. 

"  Build  to-day,  then,  strong  and  sure, 
With  a  firm  and  ample  base, 
And  ascending  and  secure 
Shall  to-morrow  find  its  place. 
Thus  alone  can  we  attain 
To  those  turrets  where  the  eye 
Sees  the  world  as  one  vast  plain 
And  one  boundless  I'each  of  sky." 


OBITXJ^^E.'y. 


Gbarlcs  Carp  mac  I 


Charles  Carpmael,  M.A.,  F.R.A.S.,  F.R.S.C,  was  born  Sep- 
tember 19th,  1846,  at  Streatham  Hill,  Surrey,  England,  and  was 
educated  at  CJapham  Grammar  School.  He  gave  his  attention 
particularly  to  the  study  of  mathematics  and  natural  science,  and 
in  I860  obtained  a  scholarship  at  St.  John's  College,  Cambridge, 
going  into  residence  in  that  iustitution  in  the  same  year. 

In  1868,  he  obtained  a  foundation  scholarship,  and  in  Januaiy, 
1869,  entered  for  the  mathematical  tripos,  and  was  classed  sixth  in 
the  list  of  wranglers.  In  1870,  Mr.  Carpmael  was  elected  Fellow 
of  St.  John's  College,  and  in  the  same  year  accompanied  the  British 
i^clipse  Expedition  to  Spain.  He  first  visited  the  United  States  and 
Canada  in  1871,  and  remained  until  1S72.  This  visit  led  him  to 
ultimately  settle  in  Canada. 

On  the  superannuation  of  Prof.  Kingston,  in  1876,  Mr.  Carpmael 
was  appointed  Director  of  the  Magnetic  Observatory,  at  Toronto, 
aud  Superintendent  of  the  Dominion  Meteorological  Service,  and  to 
him  was  very  largely  due  the  great  efficiency  of  the  Weather 
Bureau. 

In  1876  he  was  married  to  Julia,  youngest  daughter  of  the  late 
Walter  McKeuzie,  of  Casile  Frank,  Toronto.  Mr.  Carpmael  was  a 
member  of  the  first  Council  of  the  Royal  Societj'  of  Canada, 
appointed  by  the  Marquis  of  Lome,  aud  in  1886,  became  President 
of  Section  3  of  that  Society.  In  1888  he  was  elected  President  of 
the  Canadian  Institute,  and  in  1890,  at  the  earnest  request  of  the 
gentlemen  who  were  then  seeking  incorporation  for  The  Astronomical 
and  Physical  Society  of  Toronto,  he  accepted  the  Presidency  of  that 
Society,  which  office  he  held  until  his  decease. 

For  some  time  before  Mr.  Carpmael's  death  his  health  had  become 
impaired  and  he  was  advised  to  spend  some  time  in  the  South  of 
England,  in  the  hope  of  ultimately  recovering. 

The  journey  was  made  but  did  not  result  in  improvement,  and  on 
October  21st,  189-t,  news  of  his  death,  which  had  taken  place  at 
Hastings,  Eng.,  was  cabled  to  Toronto.  Mr.  Carpmael's  loss  was 
most  severely  felt,  and  particularly  by  those,  young  in  scientific 
study,  who  had  enjoyed  the  pleasure  of  his  kindly  aid  and  genial 
personality. 

Almost  his  last  act  in  connection  with  The  Astronomical  and 
Physical  Society  was  the  arranging  for  systematic  observations  of 
magnetic  disturbances,  more  especially  in  connection  with  Earth 
Current  phenomena.  A  memorandum  on  the  subject  appears  in  the 
report  for  1894.  A  likeness  of  Mr.  Carpmael  faces  the  title  page  of 
this  volume. 
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Repoi'f  of  (he  [oint-CovinnUce  of  The  Canadian  Institute  and 
llie   Astroncniical  and  Physical   Society  of   7 oronto. 

COMMITTEE  : 

Sandforo  Fleming,  C.M.G.,   LL.D.,  C.E. — Chahi?iaii. 

Arthur  Harvey,  Esq.  Charles  Carpmael,  M.A.,  F.R.A.S. 

George  Kennedy,  M.A.,  LL.D.  John  A.   Paterson,  M.A. 

Al\n  Macdougall,  M.   Inst.,  C.E.  G.  E.   Lumsden,  Esq. 

The  Joint-Committee,  appointed  b\'  The  Canadian  Institute  and  The 
Astronomical  and  Physical  Society  of  Toronto,  have  the  honour  to 
report  on  that  branch  of  the  subject  of  Time-reckoning  specially  referred 
to  them. 

The  unification  of  the  reckoning  of  the  day  has  long  been  under 
consideration.  Sir  John  Herschell.  in  his  "  Outlines  of  Astronomy," 
alluded  to  the  advantages  which  would  result  from  bringing  into  agreement 
the  Civil,  the  Astronomical,  and  the  Nautical  Days.  He  pointed  out  that 
the  adoption  of  the  Civil  Day  for  Astronomical  purposes  would  but 
slightly  inconvenience  Astronomers,  and  that  in  a  question  which 
concerns  all  other  classes  of  men,  Astronomers  should  resolve  to  act  on 
general  principles  and  cheerfully  submit  to  a  small  inconvenience  in 
view  of  the  far  wider  interests  which  would  be  benefited.  "  Uniformity," 
he  said,  "  in  nomenclature  and  mode  of  reckoning  in  all  matters  relating 
to  time,  space,  weight,  measures,  etc.,  is  of  such  vast  and  paramount 
importance  in  every  relation  of  life  as  to  out\vcii;h  every  consideration 
of  technical  convenience  or  custom." 

The  Civil  Day  begins  at  midnight  and  ends  at  the  midm'ght  following. 
The  Astronomical  Day  begins  at  noon  of  the  Civil  Day  and  continues 
until  the  following  noon.  The  Nautical  Day  concludes  at  noon  of  the 
Civil  Day,  having  commenced  at  the  preceding  noon. 

It  is  obvious  that  any  given  date  extends  over,  or  into,  three  different 
Days.  Take  for  example,  Wednesday,  June  13th.  By  Astronomical 
and  Nautical  reckonings,  only  half  of  this  date  in  each  case  is  on 
Wednesday;  the  first  lialf  of  June  13,  according  to   Nautical  reckoning, 
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is  on  Tuesday,  June  12,  while  the  second  half  of  the  same  date,  (June  13th), 
according  to  Astronomical  reckoning,  is  on  Thursday,  June  14th,  Civil 
Time. 

In  this  we  have  the  elements  of  confusion,  and  it  is  not  surprising  that 
The  Washington  International  Conference  of  1884  recommended  that  the 
Civil  Day  should  take  the  place  of  the  Astronomical  and  Nautical  Days 
for  all  purposes.  The  recommendations  of  the  Washington  Conference 
hlust  be  held  to  carry  weight,  as  this  assembly  comprised  representatives 
of  science  from  twenty-five  nations  specially  called  together  to  consider 
questions  of  Time-reckoning.  Among  them  were  Astronomers  of  world- 
wide fame,  as  well  as  men  who  held  high  rank  as  navigators.  They 
were  unanimous  in  the  opinion  that  as  soon  as  practicable  the 
Astronomical  and  Nautical  Days  should  be  arranged  everywhere  to 
coincide  with  the  Civil  Day. 

The  Civil  Day  is  the  reckoning  used  by  the  generality  of  mankind. 
It  is  the  exact  mean  between  the  Astronomical  and  Nautical  Days, 
and  differs  precisely  twelve  hours  from  both.  To  effect  a  complete 
coincidence,  it  is  only  necessary  to  shift  Astronomical  and  Nautical 
Days  each  twelve  hours,  and  this  shifting  will  bring  both  to  the  Civil 
Day.  Many  ships  have  already  abandoned  Nautical  Time  and  date  their 
logs  according  to  Civil  reckoning  ;  all  ships  would  use  the  one  reckoning 
only,  if  the  Nautical  Almanac  and  Ephemerides  generally  were  arranged 
for  Civil  Time.  There  can  be  no  doubt  whatever  that  the  marine  of  all 
nations  would  benefit  by  the  change. 

If  we  consider  the  subject  simply  in  its  relation  to  the  Nautical 
Almanac  and  Navigation,  the  unification  of  Time-reckoning  would 
simplify  the  calculations  of  mariners  and  reduce  the  chances  of  error. 
One  correspondent  (Dr.  Johnston  of  McGill  University)  points  out  very 
truly  "that  the  omission  of  even  a  single  step  in  an  oft-repeated  process 
of  calculation  has  an  obvious  advantage  ;  when  the  simplification  removes 
at  the  same  time  that  most  dangerous  source  of  error,  an  ambiguous 
expression,  it  becomes  a  great  gain."  He  says  that  the  subject  resolves 
itself  unto  a  question  of  practical  utility,  viz., what  is  the  greatest  good  of 
the  greatest  number?  The  Nautical  Almanac,  as  its  name  implies 
s  for  the  use  primarily  of  navigators,  who  are  very  numerous  and  yearly, 
increasing.  Compared  with  the  men  who  guide  the  floating  tonnage  of  the 
world,  astronomers  are  extremely  few  in  number,  and  Astronomers  as 
a  class  are  skilled  calculators  ;  moreover,  Astronomers  can  make  their 
calculations  under  the  most  favourable  circumstances,  consequently  with 
the  least  liabilit}-  to  error,  as  they  are  removed  from  the  disturbing 
influences  to  which  seamen  are  frequently  exposed. 
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The  Joint-Committee  considered  it  important  to  ascertain  how  far 
Astronomers  iirenerally  would  support  the  proposal  which  would  practically 
abolish  the  Astronomical  Day.  On  April  2ist,  1893,  a  Circular  was 
issued  to  Astronomers  of  all  nations,  inviting  replies  to  the  following 
question,  viz.:  "Is  it  desirable,  all  interests  considered,  that  on  and  after 
the  first  day  of  January,  1901,  the  Astronomical  Day,  should  everywhere 
begin  at  Mean  Midnight?"  The  Circular  was  sent  to  every  Astronomer 
whose  name  appears  in  the  general  list  of  Observatories  and  Astronomers 
prepared  by  Mr.  Lancaster,  of  the  Royal  Observatory  of  Brussels,  with 
the  following  result.  171  replies  in  all  have  been  received,  a  complete 
list  of  which  is  appended  ;  of  these  108  are  in  favour  and  62,  are  not  in  favour 
of  the  proposed  change.  Many  of  the  former  are  strongly  and  earnestly 
in  favour  of  the  adoption  of  the  Civil  Day  for  Astronomical  purposes, 
while  the  writers  of  some  of  the  latter  seem  to  have  been  under  a  misap- 
prehension. They  object  to  the  adoption  of  the  Civil  Day  on  the  ground 
that  its  division  into  two  series  of  12  hours,  designated  A.  M.  and  P.  M., 
would  be  inconvenient  for  Astronomers.  It  is  obvious  that  this  objection 
has  no  weight,  as  the  24  Hour-notation  would  remain  associated  with 
Astronomical  reckonings  as  at  present  ;  moreover,  indications  are  not 
wanting  that  the  Astronomical  practice  of  counting  the  hours  in  a  single 
series  from  I  to  24,  will  gradually  win  its  way  into  general  favour  in  civil 
life.  The  24  Hour-notation  has  alrcad}'  been  introduced  into  use  over 
wide  districts  in  Canada,  in  the  whole  of  Italy,  and  throughout  the 
Indian  Empire,  and  there  is  a  movement  in  Europe,  in  Australia,  as 
well  as  in  the  United  States  of  America,  especially  among  Railway 
men,  to  bring  this   mode  of  reckoning  the  hours  into  general  use. 

In  classifying  the  replies  from  Astronomers  according  to  the  countries 
from  which  they  have  been  received,  the  votes  for  or  against  the  change, 
stand'as  follows: — 

IN    FAVOUR    OF   THE    CHANGE. 

Austria.  Australia.  Belgium. 

Canada.  Colombia.  England. 

France.  Greece.  Italy. 

Ireland.  Jamaica.  Madaga.scar. 

Mexico.  Roumania.  Russia. 

Scotland.  Spain.  United  States. 

UNFAVOURABLE    TQ    THE    CHANGE. 

Germany.  Holland. 

Norway.  Portugal. 
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According  to  this  classification  of  the  Astronomers  heard  from,  those 
of  eighteen  countries  are  in  favour,  and  those  of  four  are  against,  the 
adoption  of  the  recommendations  of  The  Washington  International  Con- 
ference of  1884  with  respect  to  the  Astronomical  and  Nautical  Days.  If 
we  compare  the  shipping  of  the  countries  thus  classified,  (and  the  shipping 
has  an  important  relation  to  the  Nautical  Almanac),  we  find  that  the  first 
list,  that  is  to  say,  the  countries  in  favour  of  adopting  the  Civil  Day  for 
Astronomical  purposes,  represents  ^l,  or  85  per  cent.,  of  the  tonnage  of 
the  world's  marine. 

Thus  it  appears  that  there  is  a  preponderating  weight  of  opinion 
among  Astronomers  themselves,  that  a  change  should  be  made  in  the 
Astronomical  Day.  The  Joint-Committee,  therefore,  feel  warranted  in 
recommending  that  the  Home  Authorities  be  informed  of  the  facts  and 
that  a  respectful  appeal  be  made  to  have  the  Nautical  Almanac  adapted 
to  the  change,  proposed  to  take  effect  at  the  beginning  of  the  coming 
Century.  The  Joint-Committee  are  of  opinion  that  the  proper  course  is 
to  lay  before  His  Excellency  the  Governor  General  a  respectful  Memorial 
asking  His  Excellency  to  bring  the  whole  matter  to  the  attention  of  the 
Imperial  Government  in  order  that  some  common  international  under- 
standing maybe  reached,  by  which  all  nations  shall  assent  to  the  change; 
and  in  order  that  the  Nautical  Almanac  which  has  to  be  prepared  four 
or  five  years  in  advance  may  be  made  conformable  to  the  change. 

All  which  is  respectfully  submitted. 

SANDFORD     FLEMING. 

C/iat'rman, 

Joint-Committee  of  The  Canadian  histituie  and 

The  Astronomical  and  Physical  Society  of  Tofonto. 

Toronto,   loth  May,   1894. 
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Replies  received  to  the  following  Question  sent  April  21st, 
1893,  to  the  Asthonomeks  of  all  Nations:— 

"  Is  it  desirable,  all  interests  considered,  that  on  an<l  after  the  first  day  of  January,  1901,  the 
Astronomical  Day  should  everywhere  begin  at  Mean  Midnight  ?  " 


Name. 


Abbe,  Cleveland.... 
Anguiano,  Angel .  .  . 

Anton,     Dr.    Ferdi- 

.  nand  

Arcimis,   A,  F 

Ashley,  Miss  Mary.  . 
Auwers,  Dr.  A 

Backhouse,  V .  \V  .  . 
Bacon,  Chas.  A  .  .  . . 
Bardwell,  Elizabeth, 


Barnes,  Willis  S  . . . . 
Bauschinger,  Dr.  J.. 
Becker,  Prof.  Dr.  E 

Biiie,  A.   de 

Bi^irgen,  Prof  Dr.  C. 
Braun,  Dr.  Chas.    .  . 

Brown,  M.  V    

Bruns,  Dr.   H 

Burckhalter,    Chas. 


Observatory,  Etc. 


United  States  Weather  Bureau 
National  Astronomical 

Observatory 


^Marine  Observatory. . . . 
Meteorological  Institute 
Private  Observatory.  .  .  . 
Acadeniv  of  Science.  .  .  . 


Carpmael,  Chas. . 
Chambers,  G.  F . , 


Chree,   Chas 

Christie,   W.  H.  M 

Cobb,  John  N 

Colton,  A.   L 


Combe,  F.  P . . . . 
Comstock,  Geo.  C 
Contarino,  Francesco 

Deichmuller,     Prof. 

Dr.   F 

Deville,   E 


Egnitis,   D 

d'Engelhardt,    Dr. 

Baron 

Epstein,  Dr.  Th 

Esmond,  Darwin  W. 
Ewell,  Marshall  D.. 


Fenyi,  7- 

Fergoler,  Em .  .    . 

Flint,  A.  L 

Folie,  F 

Fulton,    Robt.    B. 
Fuss,  V 


Private  Observatory    .  .  .  . 

Smith  Observatory 

Mount  Hoiyoke  College 

Observatory 

Private  Observatory 

Royal  Bogenhausen 

University  Observatory .  . 

Private  Observatory 

Marine  Observatory 

Kalocsa  Observatory .  .  .  . 
McKim  Observatory.  .  . 
University  Observatory.  . 
Chabot  Observatory    . 


The  Observatory    

Northfield  Grange  Observa- 
tory   

Kew  Observatory 

Royal  Observatory 


Lick  Observatory. 


Royal  Observatory 

Washburn  Oljservatory . 
Capo  di  Monte 


University  Oliservalory . 
Surveyor  General 


Royal  Observatory    

d'Engelhardt  Oservatory. 

Private  Observatory 

Geraldine  Observatory.  .  . 
Private  Observatorv 


Haynald  Obs  rvatory 

Capo  di  Monte  Observatory. 
Washburn    Observatory  .  .  .  . 

Royal  Observatory 

University  Observatory 

School  for  Pilots 


Place. 


Washington 
Tacubayo . . . 


Trieste  . 
Madrid . 
Bath  . . . 
Berlin. . 


Sunderland 
Beloit,  Wis. 


S.  Hadley,  Mass. 
Charlestown,  Ind. 
Munich,  Ijavaria. 
Strasburg.  ...... 

Antwerp 

Wilhelmshaven  . 
Kalocsa,  Hungary 
Greencastle,   Ind. 

Leipzig 

Oakland,    Cal.  .. 

Toronto 


Eastbourne 

Richmond 

Greenwich    

Philadelpliia  . . . . 
Mount  Hamilton, 

Cal 

Tananarive 

Madison,  Wis.  .  . 
Naples 


COUNTKY. 


Bonn   .  . 
Ottawa 


Athens 


Dresden 

Frankfort,  A.M. 
Newburgh,  N.Y  . 
S.  Evanston,  111. . 

Kalocsa,  Hungary 

Naples 

Madison,  Wis.  .  . 

Uccle 

U^niversity,  Miss. 
Kronstadt 


United  States  .  . 

Mexico 

Austria 

Spain 

England    

Germany 

England 

L'nited   States.  . 

United  States. . 
United  States.  . 
Germany  ...... 

Germany 

Belgium    

Germany 

Austria 

United    States.  . 

Germany 

United    States.. 

Canada 

England    

England    

England 

United    States.  . 

United  States.  . 
Madagascar  ... 
United  States.  . 
Italy    


(jerniany 
Canada . . 


Greece  ....... 

Germany  .... 
Germany  .  .  .  .  . 
United    States. 
United   States . 


Austria 

Italy 

United    States. 

Belgium 

United   States. 
Russia I  Yes, 
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Name. 

OiiSEKV.vroKY,  Ere. 

Place. 

Country. 

Ans. 

Galle,    Dr.    Andreas 
Galle,   Dr.  J.  G.... 
Gaudibert,  CM.... 

Royal  Institute  of  Geology.  . 

University  Oljserv  ,tory 

Private  Observatory 

Geneva  Observatory 

Astro- Physical  Observatory  . 

University  Observatory 

Capitol  Observatory 

Ximenian  Observatory 

Railway  Engineer 

Potsdam 

Breslau 

Vai.son 

Geneva 

Tashkend    

Christiania 

Rome    

Florence   

Zurich 

Bucharest 

Bogota 

Bally.sodare 

Prague 

Alta,  Iowa 

Montego  l^ay .... 

Hamburg 

Bamberg,  Bavaria 

Gotha    

Germany 

Germany 

Paris    

.Switzerland 

Russia 

Norway 

Italy    

Italy      

Switzerland    

Roumania     

Colombia 

Ireland    

Bohemia 

United   States.  .  . 

Jamaica 

Germany ' 

Germany 

Germany 

United  States  .  .  . 
United   States.    . 
United    States.  . . 

United    St.ates.    . 

England 

United   States.  . 
United   States.  . 

United   States. 

England 

Canada 

No. 
No. 
Yes. 
No. 

Gedeonow,  D 

Geelmuyden,  Dr.  H. 
Giacomelli,   Dr.  Fr.. 
Giovannozzi,   Dr.  G. 

Yes. 
No. 
Yes. 
Ye.s. 
Yes. 

Gogow,  Prof  Cons .  . 
Gonzales,  Jose   M  .  . 

Gore,  J.  EUard 

Grass,  Prof.  Dr.  G   . 

Hadden,  David  E .  . 

Hall,  Maxwell 

Hanig,  Dr.  C 

Hartwig,  Dr.  Ernest 
Harzer,    Prof.     Dr. 
Paul 

University  Olxservatory 

Flammarion  Observatory .    .  . 

Private  Observatory 

Imperial  Observatory 

Private  Observatory 

Government   Meteorologist.. 

Hamburg  Observatory 

C.  Rameis  Observatory 

Ducal  Observatory 

Yale  University  Observatory 
Otterbein    "         Observatory 
Private  Observatory 

Yes. 
Yes. 
Yes. 

No. 

Yes. 
Yes. 
No. 

No. 

No. 

Hastings,  Chas 

Haywood,  John    . . 
Hess,  F 

New  Haven,  Conn 
Westerville,  Ohio 
Fort  Dodge,  Iowa 
Mount  Hamilton, 
Cal 

Yes. 
Yes. 
Yes. 

Holden,  Dr.  E.  S. 

Private  Observatory 

Private  Observatory      

Field  Observatory 

Columbia  College  Ob.servatory 
Private  Observatory 

No. 

Hopkins,  B.  J 

Horr,  Dr.  Asa 

Hoxie,  Capt.  R.  L.  . 

Jacoby,  Harold 

Johnson,  Rev.  S.  J.. 
Johnston,   Alex 

Kammerman,  A .  .  .  . 
Kirk,  Ed.  Bruce.  . . . 
Knobel,  Ed.   B 

Knopf,  Dr.  Otto 

Kobold,  Dr.  H 

Kortazzi,   J 

Kreutz,  Prof.  Dr.  II. 
Krone,  Herman.  .  .  . 
Krueger,  Prof  Dr.  A. 
Kiistner.   Dr.   F . .  . 

Laughton,  J.  K 

London  

Dubuque,  Iowa 
Willets  P:.,N.Y. 

New  York .... 

Bridport 

Montreal 

Geneva 

Yes. 
Yes. 
Yes. 

No. 
Yes. 
Yes, 

Geneva  Observatory 

Private  Observatory 

Late  President  Royal  Astro- 
nomical Society. 
Grand  Ducal  Observatory .  .  . 

University  Observatory 

Switzerland 

Scotland 

England    

Germany 

Germany 

Russia 

No. 

Banheid 

London     

Jena,  Saxe  Wei- 
mar  

Strasbourg 

Nicolaieff 

Kiel 

Yes. 

Yes. 

Yes. 
No. 
Yes. 

Royal  Observatory    

Royal  Technical  School 

Germany 

Germany 

Germany 

Germany 

England 

England    

Italy 

No. 

Dresden 

Kiel 

Yes. 
No. 

Royal  Naval  College   Obser- 

Bonn 

Greenwich 

1  .ondon 

Rome 

No. 
Yes. 

Ledger,  Rev.   E .  .  . 
Legge,  Dr.  Alf.  di . . 

Lehmann,  P 

Leite,   Duarte 

Lenahan,  Henry  A  .  . 
Lewis,  Thomasi .... 
Lindelbf.  Dr.   L. .  . . 

Gresham  College  Ob.servatory 

Capitol  Observatory 

Royal  Observatory ... 

Polytechnical  Academy 

Sydney  Observatory 

Royal  Observatory 

Counsellor  of  State 

Astro- Physical  Observatory. 
Rameis  Observatory 

Private  Observatory    

Marine  Observatory 

Yes. 
Yes. 

Berlin    

Germany  .    

Portugal 

Australia 

England 

Russia 

No. 

Porto 

No. 

Sydney 

Greenwich 

Helsingfors,    Fin- 

Yes. 
Yes. 

Yes. 

Lohse,  Dr.  O 

Lorentzen,  Dr,  G. .  . 

Mayer,   Lt.    Chas .    . 
Mazelle,  Edouard... 

Potsdam 

Bamberg 

Parenzo 

Trieste    

Germany 

Germany 

Yes. 
No. 

Austria 

Yes. 
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Name. 

Observatory,  Etc. 

Place. 

Country. 

Ans. 

Micknik,  H  . 

University  Observatory 

University   Observatory 

Naval  Observatory 

Breslau 

Germany 

Germany 

Italy    

Austria    

Belgium 

Italy 

No 

Monnichmeyer,  Dr.  C 

Naccari,    Prof.   Dr. 

Joseph  . 

Niesl,  Prof.  G.    von. 

Bonn 

Venice  .... 

No. 
Yes. 

Nn 

Technical   University  Obser- 

Briinn,  Moravia  . 
Uccle 

Royal  Observatory 

Capo  di  Monte  Observatory. 
Private  Observatory 

Deimiore  Observatory 

Imperial  Observatory     

Private  Observatory 

University  Observatory 

Private  Observator)' 

Royal  Observatory 

Private  Observatory 

Coleby  Field  Observatory .  .  . 
University  Observatory 

Private  Observatory 

Royal  del  Museo 

Professor  of  Astronomy  .... 

Meudon  Observatory 

Navy  Yard 

University 

Washington  University  Obser- 
vatory   

Yes. 
No 

Nobile,  A. 

Naples 

Noble,  Capt.  \Vm . . 

Mansfield,    Uck- 
field  . 

England 

United  States  .  . . 
Russia 

Germany 

Holland 

United  States  .  .  . 

Belgium    

United    -States.  .  . 

England 

Germany 

Canada 

Italy 

Yes. 
Yes. 
No 

Numsen,  W.   II. . . 
Nyrien,  M 

Baltimore,  Ind. .  . 
Pulkova 

Berlin 

Oppenheim,    Prof. 
Dr.    H    

Yes 

Oudemans,  Prof.  J. 
A.  C 

Utrecht 

Brooklyn,  N.Y.  . 

Louvain 

Hillsboro',  Ohio . 

Wimbledon 

Leiozic 

No 

Parkhurst,  Henry  M 
Pasquier,   Prof.  Dr. 

E.  L.  [ 

Pavey,  Henry  A      .  . 
Penrose,  F.  C      .... 
Peter,  Dr.    B 

Yes. 

Yes. 
Yes. 
Yes. 

No 

Peters,  Prof  C.F.W. 
Pettit,  H 

Koenigsberg.  .  .    , 
Belmont,  Ont  ... 

Florence 

Warendorf,  West- 
phalia  

Paris 

Mare  Island,  Cali- 
fornia     

Turin 

No. 
Yes. 

Yes 

Pittei,  Dr.  Con.^ian- 
tine 

Plassman,  J 

Pluvinel,    Ay  de  la- 
Baume 

Germany 

France  

United  States  .  .  . 

Italy 

No. 

Yes. 
Yes. 

Yes 

Pond,  Lt.  Chas.  F 
Porro,    V 

Pritchett,  H.  S 

St.  Louis,   Mo  .  . 
Philadelphia  .... 

Tacubayo 

Dublin 

United  States.. . . 

United  States  .  .  . 

Me.Kico 

No. 
Yes. 
Yes. 

Quimby,  Alden  W.  . 
Quintana,  — 

Private  Observatory 

National  Astronomical  Obser- 
vatory   

Dunsink  Observatory 

University  Observatory    

Imperial  Observatory 

National  Astronomical  Obser- 
vatory   

Ramliaui,  Prof  A.  A. 

Ireland    

Germany 

Russia 

Yes. 
No. 
No 

Reclienberg,  G 

Renz,  F 

Breslau 

Pulkova 

Tacubayo 

Basle 

Omaha,  Neb .... 

Tacubayo 

Turin  .  .      

Crowborough. .  .  . 
Tarry  town,  N.Y. 
Pulkova 

Prague 

Leipzig 

Rey,   F.    R   

Yes 

Riggenbach,  Prof 

Dr.  A 

K'ggs,  Joseph 

Rivero,  F.  D 

Rizzo,  Dr.  J.   B    . 

Bernoulliam  Observatory.  .  .  . 

Creighton  Observatory. ' 

National  Astronomical  Obser- 
vatory  

University  Observatory 

Private  Observatory 

Private  Observatory 

Imperial  Observatory 

Bohemian    University  Obser- 
vatory  

.Switzerland  ...    . 
United  Slates  . .  . 

Mexico 

Italy 

Yes. 
Yes. 

Yes. 
Yes 

Roberts,  Isaac 

Rockwell,   Chas.  . . . 
Romberg,  Hermann . 

England    

United   States.  .  . 
Russia, 

Yes. 
No. 

No 

Safarik,    Dr.    A.... 

Austria 

Germany 

No. 
No. 

Scherbner,  Prof  Dr. 
W 

Professor  of  Mathematics  . .  . 
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Name. 

Observatory,  Etc. 

Place. 

COUNTkY. 

Ans. 

Schiaparelli,  J.  V. .  . 
Schorr,  Dr.    Richard 
Schur,  Prof.  Dr.  W. 

Royal  de  Brera 

Milan 

Italy 

No. 

Hamburg  Observatory 

Royal  Observatory 

I  lamburg 

Giittingen    

Washington 

Brooklyn  

Pulkova 

Germany 

United    States.  .  . 
United   .Stales.  .  . 
Russia  .    ....... 

England 

United   States.  . . 

England    

Germany 

Austria 

No. 

No. 

Searle,  C].   M 

Catholic  University  Observa- 
tory  

Yes. 

Serviss,   Garrett  P.  . 

Seyboth,  J 

Sidgreaves,  Walter.  . 

Smith,    H.    1 

Solar  Physics  Com- 
mittee, per  Capt. 
Abney 

Private  Observatory 

Imperial  Observatory  ' 

Jesuit  College  Observatory.  . 
Hobart  College  Observatory. 

South    Kensington    Depart- 
of  Science 

Yes. 
No. 

.Stonyhurst 

Geneva,  N.  Y. 

London  

Hamburg . 

Vienna 

No. 
Yes. 

Yes. 

Stechert,  Dr.   C 

Sternock,    Lt.-Col. 

Hamburg  Observatory 

Military  Institute 

No. 
Yes, 

Stockwell,  John.    .  . 

Stone,  E.  J 

Stoney,  G.  Johnstone 

Private  Observatory 

Radcliff  Observatory    

Formerly  Assistant   to  Earl 
of  Rosse 

Cleveland,  Ohio  . 

O.xford 

Dublin 

United   States . .  . 

England 

Ireland 

Belgium 

Russia 

United    States... 

United    States. .  . 

England 

Belgium 

Russia 

France  

No. 
No. 
Yes. 

Uccle 

.St.  Petersburg  .  .  . 
Rochester,  N.  Y. 

New  York    

London 

Stroobant,  Dr.  P.  .  . 
Struve,  Otto 

Swift,  Lewis 

Tatlock,  John .  . 

Royal  Observatory 

'  Ancien  Directeur'  Pulkova 

Observatory 

Warner  Observatory 

Yes. 

Yes. 
Yts. 

Yes. 

Tennant,   Lt.    Gen. 
T.  F 

Private  Observatory   

Jesuit  Observatory 

Corresponding  Member  Aca- 
demy of  Science,  Paris.  .  .  . 
Astro- Physical  Observatory  . 
Royal  Observatory 

National  Astronomical  Obser- 
vatory   

Private  Observatory 

Alleghany  Observatory 

Astro-Physical  Observatory  .. 
Astro-Physical  Observatory  .. 

University  Observatory 

Imperial  &  Royal  Observatory 

University  Observatory 

Melbourne  Observatory 

Kingston  Observatory 

Private  Observatory 

Imperial  Observatory 

Private  Observatory 

University  Observatory 

Private  Observatory 

Polyteclinic  School  Observa- 

No. 

Thirion,  J 

Louvain 

St.  Petersburg    .  . 

Meudon 

Greenwich 

Tacubayo 

Lyons,  N.  \' . . . 

Alleghany 

Paris 

Potsdam 

Strasburg    

Prague,  Bohemia. 

Kiel 

Melbourne 

Kingston 

Rathowen 

Pulkova      

Leipzie 

Yes. 

Tillo,  Gen.  Alexis  de 

Yes. 
Yes. 

Turner,  H.  H    ...    . 
Valle,  F 

England 

Mexico 

Yes. 
Yes. 

Veeder,  Dr.  A.  M  .  . 
Very,  Frank   W . . .  . 
Vinot,  J 

United  States      . 
United    States.    . 

France ... 

Germany 

Germany 

Austria 

Yes. 
Yes. 
Yes. 

Vogel.  Frol.Dr.H.C. 

Wanach,  Dr.  B . . . . 
Weinek,  Dr.  Ladis- 

No. 
No. 
Yes. 

Weyer,  Dr.  G.  D.  E. 

White,  E.  J 

Williamson,   Prof.  J. 
Wilson    Wm    E 

Germany 

Australia 

Canada      

No. 
Yes. 
Yes. 

Yes. 

Wittram,    Prof.  Dr. 
Th 

Russia 

Germany 

Germany 

United    States.  .  . 

Austria 

Austria 

No. 

No. 

Wolf,  Dr.  Max 

Yendell,  P.  S 

Zenger,  Chas.  Venc. 

Heidelberg 

Dorchester,  Mass. 

Prague  

Briinn 

Yes. 

No. 

Yes. 

Zelbr,  Dr.  Karl 

Private  Observatory 

No. 
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REPLIES. 

Classified  according  to  the  Countries  from  ivhich  they  have  been   received. 


Tot  M.S. 

Austria 12 

Australia 2 

Belgium  . .    6 

Canada   5 

Colombia i 

England ....  20 

France 4 

Germany 38 

Greece i 

Holland i 

Italy    II 

Ireland    4 

Jamaica I 

Madagascar i 

Mexico 5 

Norway i 

Portugal     I 

Roumania i 

Russia  ....           .      .  II 

Scotland I 

Spain 2 

Switzerland 4 

United  States 38 

Totals 171 
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TRANSACTIONS 

OF 

The  AstrcnomiGal  and  Physical  Society 

OF    TORONTO, 

DUPxING  THE  YEAR   1895. 


FIRST  MEETING. 


January  22nd ;  the  President,  Larratt  W.  Smith,  D.C.L.,  Q.O., 
occupied  the  chair. 

The  meeting  being  called  to  oi-der,  Dr.  Smith  expressed  his  apprecia- 
tion of  the  honour  of  re-election  to  the  presidential  chair,  conferred  upon 
him  at  the  annual  meeting,  held  January  8th.  He  regretted  that  he 
had  been  unavoidably  absent  on  that  occasion,  when  the  various  reports 
had  given  such  excellent  evidence  of  the  Society's  general  prosperity  and 
its  activity  in  the  scientific  world.  Although  he  had  been  absent  from 
Toronto  for  a  considerable  part  of  the  past  year,  he  had  continued  to 
take  the  deepest  interest  in  the  work  which  the  Society  had  undertaken  ; 
there  was  much  to  be  proud  of,  and  still  much  that  might  by  united 
effort  be  attained.  It  had  given  him  much  pleasure  to  read  the  review 
of  astronomical  work  throughout  the  world,  which  had  formed  the  subject 
of  the  Vice-President's  address  at  the  annual  meeting.  Continuing,  Dr. 
Smith  referred  to  several  matters  of  business  which  it  would  be  the 
special  province  of  the  Council  to  consider,  and  suggested  that  the  ques- 
tion of  designing  a  suitable  seal  to  be  attached  to  the  Society's  official 
documents,  and  which  it  was  necessary  for  a  corporate  body  to  adopt,  be 
discussed  as  early  as  possible.  The  President  concluded  his  remarks  by 
saying  that,  however  much  he  regretted  that  by  reason  of  advancing 
years  and  failing  strength,  he  was  unable  after  the  day's  work  was  done 
to  attend  the  evening  meetings  of  the  Society,  as  frequently  as  he 
wished,  he  could  assure  the  members  his  heart  was  ever  with  them,  and 
that  the  Society  might  rely  upon  his  warmest  support  in  whatever 
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might  be  iindeitakeii,  to  promote  the  common  objects  they  had  in  view 
- — the  great  work  of  popularizing  science  in  Canada.     (Applause.) 

The  Secretary  read  an  official  communication  from  the  Director  of 
the  Observatory  of  the  Vatican  at  Rome,  announcing  the  death  of  the 
Very  Rev,  Father  Denza.  Mr.  Arthur  Harvey  addressed  the  meeting 
at  some  length  in  review  of  the  life-work  of  the  astronomer  and  physicist. 
It  had  been  his  privilege  to  enjoy  a  personal  acquaintance  with  Father 
Denza,  and  he  spoke  in  the  highest  terms  of  the  genial  personality  of 
the  distinguished  priest,  while  all  the  world  knew  of  the  researches  made 
by  him  in  the  domain  of  solar  physics — researches  most  valuable,  and 
which  had  thrown  great  light  upon  man}"  important  questions  in  the 
new  astronomy.  Shortly  before  his  decease.  Father  Denza  had  given 
his  assent  to  the  proposed  change  in  astronomical  time  reckoning.  This, 
indeed,  had  been  almost  his  last  official  act. 

On  motion  of  Mr.  Harvey,  seconded  by  Mr.  G.  E.  Lumsden,  a 
resolution  was  adopted  conveying  to  the  Roman  College  an  expression 
of  the  Society's  sympathy  with  the  scientific  world  in  the  loss  sustained 
by  the  death  of  Father  Denza. 

Mr.  W.  B.  Musson  repoi-ted  the  progress  of  the  Library  Committee 
in  the  work  of  preparing  a  descriptive  index  of  the  contents  of  the 
Library  shelves  ;  a  full  report  would  be  presented  in  the  near  future. 

The  chairman  then  announced  that  |)apers  had  been  prepared  by 
several  members  on  the  genei'al  subject  of  "  Star  Clusters  and  Nebulae," 
and  called  upon  Mrs.  A.  G.  Savigny,  who  read  some  notes  on  the  telescopic 
study  of  the  nebulte,  and  the  pleasure  to  be  derived  from  it.  Many  of 
the  objects  within  the  power  of  a  small  instrument  were  described,  as 
also  the  results  of  the  labours  expended  upon  the  research  by  the  great 
astronomers  at  large  telescopes.  Referring  to  the  probable  future  of 
such  objects  as  the  great  nebula  in  Andromeda,  Mrs.  Savigny  quoted 
the  opinion  of  Miss  A.  M.  Clerke,  "Even  though  stars  without  excep- 
tion have  sprung  from  nebula?,  it  does  not  follow  that  nebulae  without 
exception  grow  into  stars  : "  instead  of  becoming  ultimately  a  gigantic 
sun,  a  great  nebula  might  be  reasonably  expected  to  form  the  beginning 
of  what  would  be  evolved  into  a  cluster  of  stars. 

Continuing,  Mrs.  Savigny  said  : — As  we  return  to  the  exploration 
of  the  depths  of  space,  sparkling  with  countless  suns — countless,  save 
to  Him  "  who  telleth  the  number  of  the  stars  and  calleth  them  all  by 
their  names,"  we  feel  that  some  definite  plan  must  have  been  formed  in 
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the  Master  Mind  other  than  that  these  should  merely  lend  additional 
light  to  us  of  Earth,  or  be  a  dazzling  puzzle  in  an  everlasting  field  of 
conjecture.  Had  the  stars  been  created  merely  to  beautify  our  firma- 
ment, we  think  that  the  Ci'eator  would  have  implanted  in  the  minds  of 
other  than  the  few,  the  desire  to  look  above  and  see  "  how  the  floor  of 
heaven  is  thick  inlaid  with  patines  of  bright  gold."  And  as  we  still 
gaze  upwards,  fascinated  and  adoring,  our  being  filled  with  wonder, 
mayhap  a  meteor  falls,  and  the  robe  of  exaltation  falls  from  us,  to  give 
place  to  the  material,  as  we  remember  it  is  even  possible  to  touch  with 
loving  fingers  the  very  clay  abounding  in  those  beauty  spheres — familiar 
clay,  reminding  us  of  worlds  made  like  ours,  of  beings  such  as  we, 
perhaps  sympathetic  with  our  endeavours  to  understand  the  cosmogony 
of  the  universe. 

Let  us  take  the  curb  from  our  imagination  and  revel  in  limitless 
space,  where  myriads  of  planets  revolve,  freighted  with  beings,  perhaps 
attained  to  cosmic  consciousness,  that  intellectual  illumination  of  which 
Dr.  Bucke  tells  us;  knowing  the  plan  and  order  of  the  univei'se  ;  having 
telepathy  with  their  neighbouring  planets,  mayhap  now,  themselves 
invisible,  looking  in  upon  us,  with  electric  wings  close  pinioned,  on 
wliich  through  space  they've  flowu  !  We  men  and  women  of  the  Earth 
bury  our  minds  in  things  of  matter,  learn  too  little  of  the  stars,  gaze  but 
seldom  into  the  sublime  stellar  depths.  Men  fetter  their  eagle  spirits, 
which  fain  would  soar,  by  grovelling  for  some  ])etcy  place  or  aim.  We 
women,  weave  our  mental  shrouds  at  pink  luncheons,  green  teas  or — 
blue  dinners.  Would  that  we  might  rather,  in  the  words  of  a  dis- 
tinguished member  of  this  Society,  "  search  out  new  truths  and  endeavour 
to  expand  the  field  of  knowledge." 

Mr.  T.  Lindsay  then  read  some  notes  on  the  origin  of  the  nebulae : — 

In  the  tele.scope  the  nebula  is  a  patch  of  white  light ;  under  inspec- 
tion by  proper  physical  apparatus  it  is  a  mass  of  glowing  gas,  and  about 
that  there  seems  to  be  no  doubt  whatever.  There  is  field  for  the  study 
of  a  life-time  in  determining  data  suflicient  for  a  meagre  catalogue  of  the 
nebulae ;  how  long  before  we  have  data  upon  which  to  found  a  theory 
regarding  their  origin  ?  If  we  could  even  outline  the  history  of  these 
mysterious  bodies  we  would  be  a  step  nearer  to  the  ultimate. 

It  is  a  mark  of  man's  ambition  that  he  has  even  tried  to  solve  this 
problem,  nor  is  there  anything  in  the  effort  that  would  lead  us  to  expect 
:a  stern  rebuke  for  attempting  to  look  so  far  beyond.      We  are  still  in 
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the  realm  of  phenomena,  the  origin  of  the  nebulse  is  a  physical  problem,, 
and  it  seems  under  certain  lights  to  be  solvable,  nay,  one  of  o\ir  memVjers 
has  suggested  an  experiment  even,  by  which  something  might  be  learned 
bearing  most  directly  upon  the  question.  When  we  allow  our  minds  to 
dwell  upon  the  picture  of  a  vast  mass  of  gaseous  matter  suspended  in 
space,  isolated,  it  certainly  seems  at  first  glance  as  if  the  simplest  theory 
to  account  for  its  existence  would  be  special  creation,  called  into  sudden 
existence  by  the  power  behind  all  law. 

But  there  are  very  few  who,  giving  the  question  a  little  thought, 
would  accept  this  as  a  solution  of  the  existence  of  the  nebulae.  We  feel 
somehow  that  such  vast  bodies  must  have  been  evolved  from  more  simple 
forms,  although  we  must  ultimately  arrive  at  a  form  so  simple  that  it 
could  of  necessity  only  have  been  either  specially  created  or  co-existent 
with  eternity,  whatever  meaning  we  give  to  that  expi-ession. 

In  the  efibrt  to  trace  back  from  the  nebulfe,  or,  indeed,  in  any  effort 
to  explain  phenomena,  we  want  to  traverse  the  shortest,  least  encumbered 
route.  The  moment  we  have  a  complication  we  may  reject  the  whole 
evidence,  for  it  cannot  be  true.  Nature's  method  is  a  synonym  for 
simplicity.  The  nebulae,  then,  are  waiting  to  be  interrogated.  They 
will  answer  any  question  put  to  them,  therefore  man's  ingenuity  is  ta 
be  employed  in  asking  the  proper  questions.  One  has  been  answered, 
and  the  message  is  bi-ought  to  us  fi-om  the  nebulae  that  they  are  composed 
veiy  largely  of  hydrogen  gas ;  and  it  is  the  self-same  hydrogen  that  we 
have  around  us  and  e.xperiment  with  in  the  laboratory.  Distant  hundreds 
of  years  of  light  travel,  there  is  the  same  hydrogen  ;  and  truly  it  does 
seem  as  if  there  was  once  a  connection  between  all  the  bodies  in  the 
universe.  Either  that  or  the  matter  composing  them  has  been  evolved 
from  a  simpler  form,  which  is  all  pervading.  So  far  as  we  can  guess  at 
the  thing  there  does  not  seem  to  be  any  room  for  a  third  explanation. 

Either  all  the  bodies  in  the  universe  were  once  connected  as  one  mass, 
filling  eternity,  we  may  so  express  it,  or  a  process  of  evolution  has  been 
going  on  in  different  parts  of  the  universe,  but  with  the  same  results, 
because  the  same  primal  form  was  everywhere.  It  may  be  said  that 
there  is  no  way  in  which  either  of  those  propositions  can  be  proved, 
therefore  it  is  a  waste  of  time  to  consider  them.  Suppose  that  to  be 
true,  it  has  not  deterred  and  will  not  deter  philosophers  from  keeping 
on  trying.  It  would  be  a  pity,  indeed,  if  what  is  truly  within  the 
domain  of  physics,  though  far  down  we  confess,  should  be  abaudoned, 
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and  time  for  discussion  freely  given  to  the  metaphysicians  who  have  for 
thousands  of  years  been  trying  to  move  the  vporld  without  a  place 
to  stand  upon,  trying  to  embrace  phenomena  while  in  the  vortex  of 
phenomena. 

The  student  of  nature  will  try  to  trace  the  origin  of  the  nebulae.  The 
theory  of  the  late  Dr.  Croll  was  that  a  nebula  is  the  resulting  body  after 
the  collision  of  two  suns  in  space.  Whether  this  be  true  or  not  it  still 
leaves  us  to  account  for  the  existence  of  the  suns,  so  that  the  problem 
resolves  itself  into  this  :  whence  came  the  matter  composing  all  the 
bodies  that  people  space "? 

This  is  certainly  a  stupendous  problem,  yet  an  answer  to  it  may  be 
gathered  from  chemical  philosophy,  though  no  one  will  be  in  any  way 
dogmatic  about  it.  Thus,  as  the  laws  of  nature  are  indisputably  from 
the  will  of  one  law-giver,  and  as  these  laws  within  our  experience,  may  be 
treated  as  a  unit,  namely  motion,  it  seems  to  follow  that  matter  to  which 
motion  is  imparted  is  a  unit ;  that  no  form  of  matter  known  in  chemis- 
try is  an  elementary,  but  that  all  forms  are  compounds  of  one.  It  does 
not  matter  what  we  call  this  one,  all  we  can  do  is  to  give  it  a  name  ;  we 
cannot  bring  it  within  the  range  of  our  experience,  but  we  believe  it 
exists,  and  is  the  medium  pervading  the  interstellar  spaces,  the  same 
medium  by  which  or  through  which  energy  acts. 

Mr.  Arthur  Harvey  followed  with  some  remarks  upon  the  destiny  of 
the  nebulaj  : — 

In  "Nature"  of  February  14th  last,  is  an  important  paper  by  Mr. 
Norman  Lockyer,  on  this  subject  of  nebulae,  which  is  now  attracting  so 
much  attention,  and  I  am  naturally  delighted  to  find  the  weight  of  that 
great  name  added  to  the  theory  of  the  functions  of  meteorites,  and  the 
formation  therefrom  of  stars,  wdiich  I  brought  forward  at  a  meeting  of 
the  Canadian  Institute  in  January,  and  alluded  to  more  lately  and  per- 
haps more  slightly  here.  We  must  all  remember  our  Mr.  Elvins'  paper 
on  the  probable  feeding  of  the  Sun's  fires  by  meteorites  encountered  on 
his  way  through  space.  I  do  not  think,  however,  that  Mr.  Elvins,  though 
he  seems  to  have  considered  the  universe  as  full  of  meteorites,  carried 
his  views  so  far  as  mine,  which  are,  and  I  proved  them  by  their 
number,  non-periodicity,  and  varying  inclinations  to  the  plane  of  the 
Earth's  orbit,  that  space  is  full  of  these  bodies,  moving  in  all  directions. 
They  must  have  mutual  attractions,  and  while  some  of  these  comets  (for 
I  regard  them  all  as  such)  come  within  the  Sun's  influence,  and  may  be 
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absorbed  or  dissipated,  others  go  on  from  star  to  star  and  may  become- 
mighty  aggregations,  the  nuclei  of  new  stars.  Prof.  Lockyer  in  his  list 
of  new  views  of  nebulas  expresses  it  tlnis,  in  his  8th  claim  :  "  Space  is 
a  cosmical  plenum." 

I  stated  in  my  paper  that  the  reason  we  could  not  see  these  aerolites 
before  they  came  within  the  range  of  the  Earth's  attraction  was  because 
of  their  small  size ;  they  did  not  reflect  enough  light  to  be  visible,  but  I 
added  that  the  condensation  of  any  considerable  aggregation  would  reflect 
heat  and  light  enough  to  make  it  visible  to  us  as  a  comet,  while  as  to 
very  large  and  distant  bodies,  the  condensation  upon  the  solid  nucleus 
which  must  have  been  forming  would  give  independent  light  enough  to 
make  them  visible  as  stars.  I  found  this  a  reasonable  method  by  which 
new  stars  may  be  formed,  or,  as  I  have  expressed  it,  the  mode  in  which 
stars  are  born  into  the  family.  The  nest  problem  is  how  they  die. 
Now  Prof.  Lockyer  in  his  second  claim  agrees  with  me  and  says  :  "  The- 
first  stage  in  the  development  of  cosmical  bodies  is  not  a  mass  of  hot 
gas,  but  a  swarm  of  cold  meteorites."  He  appears,  however,  to  say  that 
light  and  heat  are  not  developed  until  there  is  a  collision  of  swarms. 

Spectroscopic  evidence  must  decide  the  point.  I  see  as  yet  no 
ground  for  thinking  that  nebulae  are  in  process  of  condensation  or  dis- 
persion, or  any  necessity  for  supposing  two  swarms  of  meteorites  to  have 
clashed  to  make  a  nova;  once  light  up  the  nucleus — once  bring  the 
condensation  to  the  point  at  which  light  would  be  emitted,  and  the  heat 
would  rapidly  permeate  the  whole  of  a  single  swarm,  and  cause  it  to 
flash  into  brilliancy.  The  particles  on  the  farther  side  of  the  nucleus 
would  be  hurrying  towards  it,  and  towards  us  :  those  on  the  hither  side 
would  be  hurrying  towards  it  and  from  us.  Hence  may  arise  the  diver- 
sion of  the  spectroscopic  lines. 


SECOND  MEETING. 

February  5th  ;  Mr.  Arthur  Harvey,  F.R.S.C,  in  the  chair. 

A  communication  was  read  from  the  Superintendent  of  the  Nautical 
Almanac  Office,  Washington,  covering  the  transmission  of  copies  of  the 
almanac,  for  which  the  thanks  of  the  Society  were  due.  A  letter  was 
also  read  from  Mr.  David  E.  Hadden  of  Alta,  Iowa,  referring  to  the  very 
general  interest  being  taken  in  popular  science. 
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Mr.  G.  Ct.  Pnrsey  reported  his  observations  of  the  Sun  durinc^ 
January  ;  he  was  of  opinion  that  the  niaxininm  was  not  yet  passed.  On 
one  occasion  there  had  been  a  belt  of  spots  from  the  east  to  the  west  limb 
of  the  disc.  INIr.  Elvins  called  attention  to  the  prediction  made  some 
time  since  that  aui^oral  displays  would  be  frequent  during  January  and 
February.  So  far  this  had  not  been  fulfilled.  Several  members  reported 
having  observed  a  very  beautiful  paraselene  on  the  evening  of  January 
31st. 

Mr.  T.  Lindsay  referred  to  a  question  which  had  been  asked  on  several 
occasions  regarding  the  phenomena  of  Ju] liter's  satellites.  It  svas  well 
known  that  the  eclipses,  occultations  and  transits  of  these  bodies  are 
given  in  our  astronomical  almanacs,  but  it  is  not  stated  what  kind  of  a 
telescope  the  observer  is  supposed  to  use.  There  will  be  found,  how- 
ever, in  the  appendix  to  the  earlier  volumes  of  the  Greenwich  Nautical 
Almanac  a  full  account  of  the  best  method  of  observing,  and  it  is  stated 
that  the  predictions  are  given  for  observation  with  a  three-inch  achromatic 
telescope.  This,  it  was  thought,  had  never  been  altered,  and  should  be 
remembered  by  those  wishing  to  verify  prediction  by  observation. 

The  chairman  read  some  notes  on  meteoric  showers,  and  jiresented 
for  inspection  a  fragment  of  the  now  historic  Winnebago  meteor  which 
he  had  obtained  through  the  kindness  of  Dr.  Gustave  Hahn.  .  The  stone 
is  a  typical  chondrite,  porous,  crust  rather  thin,  opaque  black,  not  shining. 
Interior  colour  is  grey,  spotted  with  brown.  On  one  broken  surface 
there  was  a  scum  of  a  black  substance  which  would  mark  paper,  probably 
graphite.  The  metal  in  it  is  in  exceedingly  small  globules  and  thin 
flakes,  but  contributes  to  the  mass  45  per  cent,  of  its  weight.  The 
metal  consists  of  93  per  cent,  iron,  6  j»er  cent,  nickel,  and  1  per  cent, 
cobalt.  This  stone  fell  in  the  daytime,  and  commenting  upon  this 
point,  Mr.  Harvey  showed  that  in  considering  meteoric  showers  we  may 
readily  settle  the  direction  in  which  they  are  moving  when  we  remember 
that  if  showers  are  met  in  the  daytime  they  must  be  coming  from  the 
Sun,  while  if  they  fall  at  night  the  direction  must  be  towards  the 
Sun,  the  darkened  hemisphere  of  the  Earth  being  in  the  path.  The 
Winnebago  meteor  had  passed  perihelion  some  weeks  before  the  Earth 
met  the  general  shower,  and  was,  therefore,  in  the  outgoing  part  of  its. 
orbit. 
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THIRD  MEETING. 

February  19th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  in 
the  chair. 

Mr.  T.  W.  Gibson,  of  the  Bureau  of  Mines,  Toronto,  was  elected  an 
active  member  of  the  Society. 

A  coQimunication  was  read  from  John  Hoskin,  LL.D.,  Q.O.,  thanking 
the  Society,  in  the  name  of  the  relatives  of  the  late  President,  Mr.  Chas. 
Garpmael,  for  the  engrossed  copy  of  the  Society's  testimonial. 

The  librarian  reported  the  receipt  of  two  very  old  and  rare  volumes 
on  natural  science,  donated  by  Mr.  G.  H.  Robinson,  to  whom  the  thanks 
of  the  Society  were  due. 

Several  members  had  been  interested  in  observing  Mercury  at  the 
recent  elongation.  Miss  A.  A.  Gray  had  found  no  diificulty  in  getting 
several  views  of  the  planet  without  optical  aid,  and  described  also  its 
appearance  as  observed  in  a  three-inch  telescoj)e.  In  reporting  some 
observations  of  the  Sun's  surface,  Mr.  G.  G.  Pursey  introduced  the  much 
debated  question  as  to  whether  the  spots  are  elevations  or  depressions. 
Mr.  A.  F.  Miller  called  attention  to  a  very  simple  experiment  tending  to 
prove  that  a  sun-spot  is  not  an  elevation.  He  stated  that  if  a  black 
mark  be  made  upon  a  white  globe,  and  the  apparatus  viewed  at  some  dis- 
tance, in  the  telescope,  a  "  notched  "  appearance  will  in  every  case  be  the 
result.  But  as  a  matter  of  fact  a  notch  on  the  Sun's  limb  is  extremely 
rare,  notwithstanding  that  so  many  observers  have  most  carefully  noted 
the  coming  round  of  a  spot  by  the  rotation  of  the  Sun.  Mr.  Miller 
held,  that  if  the  spots  were  indeed  elevations  above  the  Sun's  photo- 
sphere, then  in  all  cases  the   "  notch  "   would  be  seen. 

Mr.  Arthur  Harvey  read,  by  special  request,  a  popular  account  of 
the  work  recently  accomplished  by  Lord  Raleigh  and  Prof.  Ramsay, 
which  had  resulted  in  the  discovery  of  argon,  the  new  constituent  of 
atmospheric  air.  The  paper,  included  a  brief  but  instructive  sketch  of 
the  work  of  all  the  great  chemists,  since  the  time  of  Cavendish,  and 
enabled  those  who  had  not  read  the  details  of  the  work  done,  to  very 
thoroughly  grasp  the  state  of  chemical  science  in  the  present  day.  Mr. 
Harvey  was  requested  to  favour  the  Society  still  further  with  a  popular 
review  of  such  work  as  might  be  done  by  the  co-discoverers  of  argon. 
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FOURTH  MEETING. 

March  5th ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A., 
in  the  chair. 

The  assistant-secretary  and  editor  laid  upon  the  table  copies  of 
the  Transactions  for  1894.  These  were  distributed  to  the  members. 
The  frontispiece  to  the  volume  was  an  excellent  likeness  of  the  late 
President.  The  report  of  the  Earth  Current  Committee  was  appended, 
giving  the  details  of  the  disturbances  noted  at  the  Canso,  Nova  Scotia, 
station  of  the  Commercial  Cable  Company. 

Mr.  W.  B.  Musson  read  some  extracts  from  press  reports  forwarded 
by  Mr.  J.  Todhunter,  relating  to  parhelia  and  related  phenomena. 
Among  these  was  an  account  of  a  lunar  rainbow  seen  in  January  on  the 
Isthmus  of  Panama,  and  which,  it  was  stated,  was  the  first  seen  there 
since  the  16th  century.  Some  discussion  following,  Mr.  Harvey  said 
that  the  account  was  probably  correct,  as  such  phenomena  would  be 
extremely  rare  in  the  troj)ics. 

Dr.  J.  C.  Donaldson,  writing  from  Fergus,  reported  having  observed 
Mei'cury  without  optical  aid  on  five  evenings  during  Pebrnary,  namely, 
the  -ith,  5th,  11th,  l-lth  and  16th.  It  was  quite  easy  on  the  first  three 
occasions,  more  ditficult  on  the  14th,  and  required  considerable  attention 
on  the  16th.  Mr.  G.  E.  Lumsden  referred  to  the  above  as  an  excellent 
record  of  naked  eye  observations  of  the  plnnet. 

IVIr.  A.  F.  Miller  then  read  a  paper  on 

THE    SPECTRA    OF    THE    NEBULAE, 

of  which  the  following  is  the  full  text  : — 

Among  celestial  objects  which  earliest  attracted  the  notice  of  tele- 
scopic observers,  it  is  not  surprising  to  find  star  clusters  holding  a 
prominent  place  ;  for,  however  serious  the  defects  of  the  astronomical 
telescope  in  its  primitive  forms,  its  immensely  exalted  light-grasp,  as 
compared  with  the  unaided  eye,  gave  a  ])ecnliar  charm  and  significance 
to  those  investigations  conducted  with  its  aid,  whereby  the  numerous 
whiteish  cloud-like  streams  and  patches,  known  for  ages  as  fixed  markings 
upon  the  celestial  vault,  but  hithei-to  unexplained,  or  their  nature  at 
best  but  vaguely  conjectured,  were  now  triumphantly  resolved  into 
stellar  groups.  Such  surprising  results  natui'ally  led  to  the  inference 
that  the  irresolvable  nebulous  masses,  which  by  the  use  of  small  tele- 
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scopes  were  being  discovered  in  great  abundance,  required  only  an 
increase  of  optical  power  to  appear  also  as  clusters  of  distinct  suns.  A 
long  interval  elapsed,  however,  during  which  little  advance  in  this  direc- 
tion was  made,  till  at  length  the  era  of  large  telescopes  dawned,  with 
the  great  Herschel  as  its  most  zealous  apostle.  This  famous  astronomer 
was  a  devout  believer  in  the  resolvability  of  nebula?.  His  powerful 
reflectors  gauged  many  of  their  secret  recesses  ;  and  his  chief  reason  for 
aiming  at  the  construction  of  yet  more  colossal  instruments  is  traceable 
to  the  confidence  he  felt  that  by  their  means  still  fainter  groups  would 
bs  resolved  ;  since  in  each  nebulous  mass  he  was  persuaded  he  saw  a 
galaxy,  differing  only  because  of  its  remoteness,  from  the  star-girdle  of 
the  nearer  heavens, — the  familiar  Milky  Way.  From  his  day  forward 
others  shared  his  faith  and  trod  the  self-same  path  towards  the  goal  he 
had  sought :  till  the  efforts  at  space-penetration  and  light-grasp  culminated 
in  the  erection  of  Lord  Rosse's  giant  reflector.  The  talented  designer 
of  this  famous  engine  of  research  was  as  satisfied  as  had  been  his  prede- 
cessors that  the  mode  in  which  he  treated  the  problem  of  the  stellar 
depths  was  the  right  one  ;  and  when  more  than  forty  years  ago  he 
announced  that  nebula  after  nebula  was  yielding  up  its  secret  to  the 
penetrating  gaze  of  his  great  mirror,  who  was  to  gainsay  the  dictum  of 
the  astronomer  owning  and  employing  so  assiduously  the  greatest  (and, 
of  course,  in  common  belief  the  best),  telescope  on  earth  ?  Even  the 
great  nebula  of  Orion  was  deemed  resolvable  ;  all  below  the  trapezium 
Rosse  thought  he  saw  as  a  mass  of  stars.  Theorists,  whose  fancy  had 
beheld  in  nebulaj  a  fiery  mist,  the  matrix  from  which  suns  and  their 
systems  might  be  evolved,  were  silenced  :  and  scientific  research,  linking 
hands  with  jnous  credulity,  gazed  in  a  sort  of  calm  stupidity  upon  results^ 
of  creative  power,  untroubled  by  the  vain,  or  perhaps  impious,  desire  to 
fathom  the  methods  by  which  these  results  had  been  achieved.  When, 
therefore,  in  August,  1864,  Dr.  Huggins  directed  a  telespectroscope 
upon  the  nebula  H4374  and  found  its  light  to  emanate  from  glowing 
gaseous  constituents,  it  was  but  natural  so  unexpected  a  result  should 
be  received  with  incredulity  or  distrust.  This,  however,  little  troubled 
the  great  spectroscojnst,  who  hastened  to  procure  contirmatoiy  evidence 
from  other  nebuU^  ;  and  his  observations  were  joyously  hailed  and 
rapidly  extended  by  Vogel  and  other  investigators.  As  is  usual  with 
Dr.  Huggins's  work,  from  the  very  outset  he  did  every  thing  in  the  most 
thorough  manner.     Not  merely  did  he  discover  the  gaseous  nature  of 
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the  nebulje,  but  went  on  to  identify  the  elementary  character  and 
physical  condition  of  the  gaseous  constituents.  His  instrument  ^\as, 
almost  necessarily,  of  his  own  design,  with  a  dispersive  power  of  two 
prisms  ;  and  using  the  comparison  method  he  detected  with  certainty 
the  coincidence  of  two  hydrogen  lines  ;  while  the  brighter  nebular  line 
was  referred,  in  default  of  better  agreement,  to  a  closely  adjacent  green 
ray  in  the  complex  nitrogen  spectrum.  The  latter  conclusion  was,  of 
course,  erroneous,  since,  so  far  as  our  present  knowledge  extends, 
nitrogen  is  not  a  constituent  of  the  nebulte.  But  Dr.  Huggins  was 
himself  the  first  to  recognize  and  correct  an  error  into  which  he  had 
very  naturally  been  betrayed  by  the  inadequacy  of  his  instrumental 
means ;  and  his  subsequent  conclusion,  reached  after  he  had  equipi)ed 
himself  with  instruments  of  greater  dispersion,  has  held  good  to  the 
present  hour,  despite  much  opposition  and  effort  to  prove  the  contrary  ; 
viz.,  that  while  in  the  gaseous  nebula?  the  hydrogen  series  is  fully  repre- 
sented, the  chief  nebular  line  {)-  5007 "05)  and  a  series  of  other  lines 
clearly  associated  with  it,  originate  in  matter  unknown  to  terrestrial 
chemistry.* 

Space  forbids  more  than  the  merest  reference  to  the  interesting 
researches  of  Huggins,  while  engaged  in  investigations  on  the  origin  of 
the  unknown  neVjular  lines.  The  displacement  of  the  chief  one,  as 
compared  with  the  nitrogen  line,  was  for  a  while  referred  to  motion  ot 
the  nebulaj  in  the  line  of  sight ;  but  this  theory  was  soon  abandoned  as 
unsatisfactory  ;  and  necessarily  so,  since  the  hydrogen  lines  also  seen, 
were  in  their  normal  positions.  Then,  too,  all  the  nebulae  observed 
could  hardly  have  the  same  proper  motion.  It  must  suffice  to  say  that 
none  of  the  important  points  in  the  chain  of  reasoning  appear  to  have 
escaped  the  notice  of  this  careful  investigator. 

Of  course  not  all  nebulous-looking  celestial  objects  give  discon- 
tinuous spectra.  Many  are  truly  what  Herschel  and  Rosse  believed 
them  to-be,  star-clusters ;  and  the  prismatic  analysis  of  their  light  only 
confirms  the  honest  judgment  of  these  great  telescopic  observers. 

Other  uebulce   again    are  in    part  gaseous  ;  and  still  others,    while 


*  This  was  written  before  Crookes  had  made  public  his  determination  of  the 
wave-lengths  of  the  chief  lines  in  the  "blue"  spectrum  of  argon.  The  exact 
coincidence  of  the  principal  nebular  line  with  a  line  measured  by  Ci'ookes,  as  well 
as  the  close  resemblance  in  position  of  other  lines  in  both  spectra,  formed  the 
subject  of  a  note  read  before  the  Society  on  a  subsequent  occasion. 
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seemiugly  not  gaseous  at  all,  are  as  surely  not  genuinely  stellar.  Such 
a  case  may  be  instanced  in  the  great  Andromeda  nebula :  Its  curiously 
curtailed  spectrum,  destitute  of,  or  much  reduced  in,  the  red  extremity, 
has  long  been  a  spectroscopic  enigma  ;  the  doubtful  maxima  which  some 
observers  declare  they  have  recognized,  being  hesitatingly  accepted,  or 
even  denied  by  others.  The  stellar  nucleus,  which  in  1885  shone  forth 
through  the  depths  of  the  mass,  shared  all  the  prismatic  singularity  of 
its  nebulous  surroundings  (as  I  am  glad  to  say  I  was  able  to  notice 
at  the  time),  and  at  present,  the  highest  authorities  are  disinclined  to 
advance  hypotheses  as  to  the  composition  or  character  of  this  singular, 
though  not  unique,  object.  For  neither  in  spectral  peculiarity  nor  in 
temporary  stellar  outburst  does  it  stand  alone  :  The  small  nebula  80  M 
situated  in  Scorpio,  has  a  similar  prismatic  constitution,  and,  like  its 
great  congener,  was  the  seat  of  a  luminous  outbreak  (in  1860),  closely 
resembling  that  which  disturbed  the  great  Andromedean  vortex,  twenty- 
five  years  later. 

Not  merely  have  we  learned  the  composition  of  nebulse  by  aid  of  the 
prism,  but  the  same  means  has  availed  for  their  discovery.  Prof. 
Pickering,  employing  a  spectroscopic  ocular,  has  detected  quite 
a  number  of  planetary  nebulae  otherwise  quite  indistingviishable  from 
stellar  points.  He  was  led  to  this  mode  of  sweeping  by  observing  that 
in  several  instances  such  bodies  had  been  i-ecognized  on  the  plates  of 
the  Draper  Memorial,  owing  to  their  having  recorded  themselves  thereon 
in  discontinuous  lines  instead  of  the  elongated  specti-a  characteristic  of 
true  stai's.  Dr.  Copeland  also  has  successfully  employed  the  same 
method. 

When  astronomers  all  the  world  over,  ever  since  the  time  of 
Huggins's  memorable  discovery,  have  bestowed  great  and  increasing 
attention  upon  nebular  spectroscopy,  it  is  not  surprising  to  learn  that, 
spite  of  all  the  diificulties  inseparable  from  such  work,  many  lines  have 
been  recorded.  The  latest  results,  tabulated  by  Dr.  Scheiuer,  give  no 
less  than  seventy-five  lines,  the  positions  of  which  have  been  accurately 
determined.  Photography  has  largely  supplemented  visual  observation 
in  these  researches  ;  and  to  this  fact  is  traceable,  in  veiy  great  measure, 
the  remarkable  success  just  mentioned.  Nor  can  we  notice  without 
sincere  pleasure  that  the  venerable  pioneer  of  nebular  spectroscopy  is 
still  leading  in  this  new  direction.  The  photographs  of  nebular  spectra, 
taken  as  many  as  thirteen  years  ago  by  Dr.   Huggins  and  his  gifted 
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wife,  are  among  the  best  that  have  yet  been  secured  ;  while  their  deter- 
minations of  wave-length  based  upon  their  negatives  or  on  visual  obser- 
vations, are  everywhere  accepted  with  that  confidence  to  which  the  well- 
known  accuracy  of  the  observers  entitles  them. 

One  of  the  most  important  discoveries  yet  made  in  the  spectroscopy 
of  gaseous  nebulse  was  achieved  by  Dr.  Ralph  Copeland  in  1887.  I 
refer  to  the  identification  of  the  line  D^,  I  5876  as  a  nebular  constituent. 
Dr.  Copeland,  who  was  then  working  at  Dun  Echt  with  a  new  spectro- 
scope of  specially  suitable  construction,  noticed  in  the  spectrum  of  the 
Orion  nebula  a  line  slightly  more  refrangible  than  the  characteristic 
sodium  pair.  His  inference  that  the  ray  in  question  was  coincident  with 
that  known  as  the  helium  line,  received  speedy  confirmation  ;  and  is 
now  a  well  established  fact.  This  valuable  research  has  supplied  an 
important  link  in  the  chain  binding  together  the  nebulje,  g-.is-stars,  bright- 
line  stars,  and  temporary  stars  ;  and  points  towards  a  possible  kinship  of 
such  peculiar  bodies  with  the  chromospheric  envelopes  of  more  fully 
developed,  and  therefore  (from  our  standpoint),  more  normal  suns;  thus 
suggesting  a  direction  along  which  the  rather  doubtful  course  of  stellar 
evolution  might  be  assumed  to  travel.  I  hasten  to  add  that  the  import- 
ant observation  just  cited  has  been  repeated  in  the  case  of  several 
other  nebulae  ;  and  the  line  Dj  is  now  always  sought  in  these  spectra  by 
investigators  having  sufiiciently  powerful  appliances.  Copeland  has  also 
noticed  a  considerable  amount  of  continuous  spectrum  in  the  central 
visual  region  of  the  prismatic  band.  This  is  of  interest  too,  as  it  clearly 
indicates  the  formation  of  solidifying  particles,  or  perhaps  masses,  amid 
the  vast  expanse  of  highly  attenuated  nebulous  material. 

Having  spoken  at  such  length  of  the  nebular  spectral  lines  I  venture 
here  to  insert  the  positions  of  the  chief  ones  in  the  visual  region.  The 
wave-lengths  have  been  determined  by  Keeler,  and  are  based  on 
Rowland's  scale  : 


Name  of  Li> 

E. 

A.  in  /u  /I. 

Eemarks. 

C  (Ho)    

6563-05 

5876- 

5007-05 
4959-0-2 
4801-05 
4:U0-6G 

\  Rarely    seen  ;  only   three  recorded  instances:  — 

Ds  (Helium)  .  . 

Chi'  f  Nebular 
Nfc    lilar  line. . . 

line. 

,       The  Orion  nebula  nut  one. 

/  Invisible  or  faint  in  all  but  very  large  instru 

\      ments. 

F(H/8)     

(H?) 

Extremely  faint  in  all  but  large  instruments. 
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At  this  juncture,  I  will  just  mention,  that,  owing  probably  to  the 
essays  of  sensational  writers  on  science,  some  errors  relative  to  the  origin 
of  the  chief  nebular  line  have  insinuated  themselves  into  a  few  older  works 
purporting  to  deal  with  astronomical  spectroscopy.  In  this  way  we  some- 
times meet  with  the  statement  that  the  chief  nebular  line  is  coincident 
with  the  solar  coronal  line  commonly  known  as  1474  K  ;  with  a  bright 
line  in  the  aurora,  and  with  a  suppositious  line  in  the  spectrum  of  the 
zodiacal  light.  These  statements,  which  almost  certainly  originated  in 
the  manner  indicated,  had  no  true  observational  basis  whatever,  and  are 
consequently  not  entitled  to  serious  regard.  The  most  careful  determi- 
nations of  the  wave  lengths  of  the  chief  nebular  line  place  it,  as  I  have 
said,  at  /  5007-05  on  Rowland's  scale.  With  equal  certainty  the  coro- 
nal line  1474  K  is  known  to  lie  at  /.  5316-89  ;  this  is  really  a  triple 
line,  its  most  refrangible  member  having  coincidence  with  a  line  of  iron, 
while  the  others  are  of  unknown  origin.  The  chief  auroral  line  has  a 
well  determined  position  at  /  557  1.  As  for  the  zodiacal  light,  as  all 
careful  observers  are  well  aware,  its  spectrum  is  a  faint  and  very  partial 
contimious  one,  having  no  bright  lines  whatever.  Befoi'e  quitting  the 
subject  of  the  auroral  spectrum,  I  briefly  remind  you  that  the  researches 
of  Vogel  appear  to  identify  all  its  rays  with  lines  in  the  air-s^Dectrum. 

I  have  trespassed  on  your  time,  perliaps  unnecessarily,  in  pointing 
out  the  errors  to  which  I  have  just  referred.  Curiously,  an  error  in 
connection  witli  nebular  spectroscopy  led  to  the  most  important  discovery 
which  has  yet  been  made  in  tliat  branch  of  astro-physics.  With  a  brief 
notice  of  this  I  will  close  my  paper.  You  are  all  doubtless  familiar  with 
the  theoretical  principles  of  Lockyer's  meteoric  hypothe.sis.  The  well 
known  English  physicist  has  for  many  years  assiduously  laboured  to 
propagate  a  cosmical  theory,  partially  original,  but  also  largely  derived 
from  sources  to  which  he  has  not  always  accorded  whatever  credit  may 
be  their  due  in  this  connection.  The  theoretical  part  has  been  supple- 
mented by  a  very  great  amount  of  fine  experimental  and  observational 
work  of  his  own  ;  and  also  by  no  small  percentage  of  bold  assertion.  To 
state  the  position  very  briefly  :  Everything  celestial  and  terrestrial  was 
originally  of  meteoric  origin  ;  comets,  nebulfe  and  even  stars,  were  now, 
or  had  been  at  some  period  of  their  evolutionary  development,  made  up 
of  meteorites,  more  or  less  closely  associated  ;  and  this,  we  were  taught, 
obviated  all  difficulties  and  explained  the  most  incomprehensible  phe- 
nomena.    True,  the  explanation  seemed  itself  to  require  explanation  ; 
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but  that  was  a  mere  detail.  Clashing  meteoric  stones  could  be  made  to 
account  for  everything  ;  the  very  chemical  elements  melted  with  fervent 
heat  under  this  furious  bombardment,  and,  yielding  uj)  the  ghost,  appeared 
to  the  daring  physicist,  dissociated,  and  in  the  truly  spectral  guise  of  helium, 
of  coronium,  or  of  the  perilous  stuff  nebuhe  are  made  of.  As  links  in 
A  chain  of  reasoning,  too  often  oracularly  vague,  what  could  better  suit 
than  the  vague  and  ill-defined  nebulfe  %  They  contain  hydrogen,  and 
so  do  meteorites.  Iron,  a  prominent  meteoric  constituent,  is  unrepre- 
sented by  even  one  of  its  all  but  countless  lines  ;  but  the  case  of  mag- 
nesium seemed  more  hopeful.  True,  with  the  electric  spark,  or  arc  spectrum 
nothing  could  be  proven  ;  their  evidence  was  all  against  theory  ;  but  the 
flame  of  burning  magnesium,  or  of  magnesium  salts,  yielded  more  pliable 
results  ;  and  the  scientific  world  was  duly  apjirised  of  the  complete  and 
triumphant  coincidence  of  the  nebular  line  and  a  band  characterized  bv 
the  somewhat  poetical  designation  of  "  the  last  magnesium  fluting." 
'.riiese  results  had  been  arrived  at  by  experiments  conducted  with  means 
scarcely  adequate  to  settle  a  fundamental  question,  and  physicists  did  not 
feel  justified  in  according  them  that  hearty  acceptance  to  which,  in  the 
opinion  of  their  originator,  they  were  entitled.  A  few,  indeed,  were 
bold  enough  to  deny  flatly  the  asserted  coincidence  ;  and  more  or  less 
scientific  bitterness  seemed  likely  to  follow.  At  this  juncture,  Dr. 
Huggins,  whose  results  had  entirely  differed  fi'om  those  obtained  by 
Lockyer,  fortunately  invoked  the  aid  of  Professor  James  Keeler,  then 
Spectroscopist  in  the  Lick  Observatory,  and  referred  to  his  judgment  the 
whole  question  at  issue.  Acceding  with  graceful  alacrity  to  the  request 
of  his  great  English  confrere.  Prof  Keeler,  in  1890  and  1891,  carried 
out  an  investigation  no  less  remarkable  for  the  refinement  of  its  scientific 
accurac}''  than  for  the  singular,  and  in  many  respects  the  unexpected, 
conclusions  to  which  it  led.  I  cannot  detain  you  while  describing 
Prof  Keeler's  elaboi-ate  study  of  nebular  spectra,  which  the  vast  light- 
gras[)  of  tlie  great  Lick  refractor  permitted  him  in  many  cases  to  investi- 
gate by  the  aid  of  the  difi'raction  spectrometer,  a  form  of  instrument 
never  before  employed  in  work  of  this  kind.  He  was  sjjeedily  satisfied 
that  the  nebular  lines  had  no  relationship  whatever  with  the  magnesium 
fluting,  and  proved  conclusively  that  Lockyer's  observations  were  vitiated 
by  grave  errors  which  rendered  confidence  in  them  impossible.  But  as  the 
absolute  positions  of  the  chief  nebular  lines  were  of  fundamental  import- 
ance, he  proceeded  to  determine  these  with  the  most  extreme  accuracy  ; 
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and  while  thus  engaged,  reached  the  surprising  result  that  the  wave-length» 
as  obtained  by  the  diffraction  spectrometer  (the  most  exact  of  all  methods), 
had  slight  but  perfectly  obvious  differences  in  the  case  of  different  objects. 
Cleared  from  all  displacements  due  to  terresti'ial  motions  and  motion  of  the 
solar  system  in  the  dii-eetion  of  the  apex  of  the  Sun's  way,  (effects  which  had 
to  be  carefully  considered  and  allowed  for  in  an  investigation  so  delicate), 
there  was  still  an  outstanding  displacement  affecting  not  one  line  only, 
but  all  the  lines  in  each  spectrum,  and  in  equal  proportion.  The  conclu- 
sion was  inevitable,  nor  did  Prof  Keeler  hesitate  one  moment  in  assigning 
it  to  its  proper  cause.  The  shift  was  due  to  motion  of  the  nehulce  in  the 
line  of  sight.  By  means  of  many  observations  on  nebulfe  in  widely 
different  regions  of  the  heavens,  which  of  course  might,  and  must 
reasonably  be  assumed  to  be,  moving  in  all  possible  directions  as  regards 
the  observer,  the  mean  wave-lengths  or  scale  positions  of  the  chief 
nebular  lines  were  determined  ;  thus  furnishing  datum-points  from  which 
displacements  in  any  particular  case  might  be  measured,  and  the  velocity 
of  the  corresponding  motion  inferred.  Subsequently,  comparisons  with 
the  fixed  lines  of  hydrogen  were  employed  to  confirm  the  results  of  the 
other  method.  From  the  displacements  thus  observed,  a  number  of 
velocities  have  been  computed,  but  I  will  only  trouble  you  with  two  oi- 
three  results  as  instances  of  the  rest.  The  velocity  is  stated  in  kilo- 
metres, and  the  —  and  +  signs  imply  respectively  motions  of  approach 
and  of  recession. 

Orion;  +  17-7 

N.G.  C.  6790;  -f  48-4 

G.C.   4628;        —  497 
Note.— A  kilometre  =  1000  metres,  =  fi  mile. 

In  the  case  of  an  object  so  ]:)rodigious  as  the  Orion  nubula  must 
unquestionably  be,  it  might  reasonably  be  asked  whether  motion  in  the 
line  of  sight  detected  in  one  region  was  shared  by  other  portions  of  the 
vast  structure.  This  point  was  not  overlooked  by  Prof.  Keeler  while 
conducting  his  research  on  the  position  and  character  of  the  lines;  and 
with  a  view  of  solving  the  problem  which  such  a  question  presents,  he 
made  a  number  of  careful  measurements  designed  to  detect  changes  of 
wave-length  due  to  this  cause.  The  results,  however,  were  purely  nega- 
tive, as  it  was  found  that,  except  from  a  very  limited  area,  the  nebular 
light  was  so  faint  as  to  be  lost  in  the  process  of  dispersion.  Curiously 
enough,  the    characteristic  spectrum  was  obtained    undiminished  from 
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the  seemingly  dark  abyss  surrounding  the  trapezium,  thus  indicating 
that  contrast  rather  than  reality  exphiins  the  familiar  telescopic  appear- 
ance of  that  legion. 

A  similar  search  was  made  for  shifting  of  the  lines  obtained  from 
opposite  sides  of  several  planetary  nebula?  ;  the  object  being  to  detect 
movements  of  rotation.  These  experiments  were  also  fruitless,  though 
their  successful  accomplishment  within  the  near  future  should  by  no 
means  be  regarded  as  either  iin])Ossible  or  improbable. 

The  spectral  characteristics  of  the  stars  involved  in  the  great  nebula 
have  received  no  small  share  of  attention,  it  being  expected  that  thus 
the  question  of  their  actual  position  in  space  might  be  settled.  Till 
quite  recently  tlie  balance  of  evidence  seemed  to  favour  the  view  that 
these  bodies  were  really  placed  within  the  nebulous  matter  ;  the 
researches  of  Huggins,  Yogel  and  others  indicating  that  the  spectra  of 
the  trapezium  stars,  at  least,  contained  groups  of  Ijright  lines  coincident 
with  groups  in  the  nebular  spectrum.  This  view,  while  not  unreasonable, 
involves  the  difficulty  that  the  components  of  the  multiple  6  Orionis 
must  be  assigned  to  a  specti-al  class  of  their  own,  since  no  other  truly 
stellar  bodies  on  record  show  the  nebular  lines  ;  though  the  star-like 
nuclei  of  planetary  nebulae  quite  frequently  do.  Keeler,  in  his  earlier 
observations,  believed  he  saw  the  nebular  lines  brightest  where  they 
crossed  the  star-spectra  ;  but  subsequently  he  reached  the  conclusion 
that  the  involved  stars  had  spectra  with  dark,  not  bright,  lines  ;  and 
thus,  so  far  as  his  results  extended,  they  were  not  necessarily  situated 
within  the  nebula  at  all.  He  adds,  however,  that  many  of  the  bright 
lines  of  the  gaseous  matter  seemed  to  be  coincident  with  dark  stellar 
lines,  and  this  counterparting  appeared  to  affect  not  merely  the  included 
stars,  but  other  and  quite  distant  ones  in  the  same  constellation,  where, 
indeed,  similarity  of  spectral  peculiarity  has  long  been  thought  signifi- 
cant. The  photographic  evidence  obtained  by  Huggins,  Vogel  and 
Scheiner,  should  not  be  too  readily  discredited  in  favour  of  visual  obser- 
vation ;  and  at  any  time  the  earlier  conclusion  may  be  confirmed  with 
unanswerable  assurance. 

And  now  you  may  not  unnaturally  ask  me  what  is  the  portion  of  the 
humble  amateur  telescopist  in  investigations  and  researches  of  so  difficult 
a  character  that  they  tax  to  the  uttermost  the  skill  and  patience  of  the 
ablest  trained  observers  of  Europe  and  the  United  States,  though  armed 
with  the  most  powerful  and  perfect  instruments  the  world  has  yet  seen  ? 
3 
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I  answer  that  if  he  cannot  repeat  the  observations,  he  may  and  should 
understand  them  ;  and  his  lot,  however  lowly,  will  be  brightened  and 
cheered  by  the  thought  that  an  Almighty  Power  is  working  everywhere, 
even  upon  the  confines  of  the  universe,  so  far  as  we  can  judge  of  them, 
according  to  laws  which  are  present  and  in  operation  here  on  this  little 
terrestrial  speck  where  his  lot  is  cast.  He  thus  learns  to  regard  calmly 
waning  years,  decreasing  -bodily  energy,  or  the  loss  of  opportunity,  as  he 
views  the  genesis  of  universes  of  suns,  and  in  the  truest  sense  sees  life 
and  immortality  brought  to  light.  But  to  fully  appreciate  that  of  which 
he  hears  or  reads,  he  should  behold  for  himself  some  of  these  wonders  ; 
for  despite  much  that  may  be  urged  to  the  contrary,  seeing  and  believing 
will  always  be  closely  associated  in  the  human  mind.  Having  then 
adapted  a  simple  spectrum  ocular  to  his  telescope,  he  readily  notes  the 
nebular  line  in  such  a  familiar  object  as  the  Ring-nebula  in  Lyra,  or 
another  of  the  .-,anie  class.  But  for  larger  nebulaj  a  slit-spectroscope 
becomes  necessary,  together  with  a  certain  degree  of  skill  in  its  use. 
Follow  me  then  in  fancy  for  a  few  moments  while,  as  an  amateur,  I 
show  you  by  description,  a  few  of  the  wonders  an  amateur's  small 
instruments  are  capable  of  revealing.  Suppose  you  stand  beside  me  in 
my  small  obsei'vatory  on  a  clear  cold  winter's  night,  such  as  best  suits 
for  viewing  the  Orion  nebula.  The  observers  should  be  warmly  clad,  but 
the  hands  are  uncovei-ed  de.spite  the  frosty  and  nipping  air,  for  as  a  cat 
with  mittens  catches  no  mice,  similarly  a  gloved  spectroscopist  catches 
few  lines.  A  small  telespectroscope  is  adjusted  to  the  eye  end  of  the 
telescope,  the  slit  being  carefully  set  parallel  to  the  diurn;d  motion,  and 
the  focus  adjusted  for  greatest  distinctness  in  the  region  of  the  green  and 
blue.  The  finder  serves  to  bring  the  object  upon  the  slit,  which  already 
has  been  placed  by  mechanical  adjustment  in  the  principal  focus  of  the 
objective.  Bringing  the  eye  to  the  ocular,  at  once  three  Iteautiful  gas- 
lines  shine  out  ;  the  brightest,  and  the  fainter  one  which  lies  close  to  its 
more  refrangible  edge,  are  the  nebula  lines  at  /.  5007  and  /  4959,  and 
are  of  unknown  origin  ;  the  blue-green  line  at  /  486ris  H;5,  correspond- 
ing with  the  solar  line  F.,  and  is  the  line  chiefly  employed  for  comparison 
experiments  by  the  visual  method.  H^'  is  invisible  in  so  small  an  instru- 
ment. Some  glimpses  of  Oopeland's  continuous  spectrum  are  also  caught 
as  a  delicate  glow  intertwined  about  the  bright  discontinuous  maxima. 
But  now  what  beautiful  sparkling  rays  are  these,  which,  shooting  up, 
cross  the  gaseous  spectrum  at    right  angles'?     They  are  the  continuous 


The  AstroHOinical  and  Pliy.-iical  Society  of  Toronto.  19 

spectra  of  the  trapezium  stars  : — The  stellar  images,  being  points,  are 
elongated  by  the  prism-system  into  true  geometrical  lines,  in  which 
the  eye  can  distinguish  only  the  terminal  colours,  but  no  spectral  details  ; 
though  such  exist,  and  have  been  brought  out  in  the  photographic  plates 
of  Huggins  and  Vogel,  who  find  numerous  fine  bright  lines  close  to  the 
widened  star  spectra,  while  similar  fine  lines  are  incorporated  therein.  A 
cylindrical  lens  over  the  ocular,  though  it  spreads  out  the  stellar  streaks 
reveals  nothing  of  these  delicate  rays,  which  indeed,  have  only  been  seen 
by  means  of  large  instruments,  or  on  the  photograi>hic  plate  ;  and  with 
our  modest  appliances  our  expectations  must  be  proportionally  moderate. 
A  spectrum  ocular  would  probably  show  bright  lines  if  such  exist  in  these 
stars,  were  it  not  that  the  series  of  nebular  images  in  light  of  the  chief 
nebular  lines  overlap  and  hide  every  thing  else.  Withdrawing  the 
cylindrical  lens  we  again  see  the  crossing  lines  held  steady  by  the 
driving-clock  and  the  observer's  practiced  hand.  A  hydrogen  tube 
before  the  reflecting  prism  sends  in  comparison  rays,  which,  properly 
subdued,  do  not  obliterate  the  nebulous  lines,  and  a  coincidence  with  H/? 
is  noted.  A  faint  sodium  flame  gives  an  idea  of  the  location  of  D^  ;  but 
here  our  optical  power  again  proves  inadequate ;  and  [jossibly  the  line 
itself  is  variable  in  briglitness.  The  complex  nitrogen  spectrum  has,  as 
Huggins  early  felt,  nothing  in  common  with  the  other  visilile  lines.  The 
observation  is  finished  so  far  as  our  means  will  allow  ;  and  I  fancy  I  hear 
you  bre  ithe  a  sigh  of  relief  as  we  cap  our  small  object  glass  and  hasten 
to  the  fireside.  Yet  if  our  frames  be  somewhat  chilled,  our  hearts  are 
warmed  with  enthusiasm  and  renewed  admiration  for  the  grandest 
branch  of  the  grandest  science.  Our  minds  are  refreshed,  and  for  a  while 
toil  and  care  are  forgotten.  However  sceptical,  we  cannot  look  upon 
the  still  ])rogressing  work  of  the  Great  Architect  of  the  universe 
without  admiration  and  awe.  As  if  by  some  subtle  response  of  our 
inmost  souls  to  an  invisible  power,  our  lips  unbidden  rei)eat  the  poetry 
■of  ancient  days,  old  but  still  new,  true  to-day  as  thousands  of  yeai-s 
ago,  sublime  as  any  utterance  the  ear  of  man  has  ever  heard  : — "  The 
heavens  declare  the  glory  of  God,  and  the  firmament  showeth  his  handy- 
work.  Day  unto  day  uttereth  speech,  and  night  unto  night  showeth 
knowledge.  There  is  no  speech  or  language  where  their  voice  is  not 
heard.  Their  line  is  gone  out  througli  all  the  earth  and  their  woi'ds  to 
the  end  of  the  world." 
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FIFTH  MEETING. 

March  19th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  in  the 
chair. 

Mrs.  J.  Fletcher,  of  Toronto,  was  elected  an  active  member  of  the 
Society. 

Communications  were  read  from  Dr.  J.  Morrison,  Dr.  M.  A.  Veeder, 
and  Mr.  S.  W.  Burnham. 

Several  members  and  correspondents  had  forwarded  notes  of  obser- 
vations made  on  the  occasion  of 

THE    LUNAR    ECLIPSE,    MARCH    10. 

The  chairman  reported  the  work  done  at  the  Wilson  telescope,  and, 
referring  to  the  distinctness  with  which  the  Moon  could  be  seen  when 
entirely  in  the  shadow,  quoted  several  authorities  as  to  the  conditions 
which  might  result  in  the  total  disappearance  of  the  Moon.  "  If  the 
region  of  the  atmosphere  through  which  the  solar  rays  pass  be  every- 
where deeply  loaded  with  vapours,  the  red  rays  will  be  almost  totally 
absorbed,  as  well  as  the  blue,  and  the  illumination  of  the  Moon  will  be 
too  feeble  to  render  her  surface  visible."  Mr.  D.  G.  Ross  stated  that 
this  view  had  been  accepted  by  many  well-known  observers. 

Mr.  Thos.  Lindsay  stated  that  on  the  occasion  of  the  eclipse  a  small 
party  had  assembled  on  the  grounds  adjoining  the  Mail  and  Empire 
building,  and  had  enjoyed  witnessing  the  phenomenon  in  Mr.  James 
Foster's  three-inch  Bardou  telescope.  Times  of  immei'sions  of  several 
lunar  features  were  noted  accurately,  and  also  occultations  of  some  faint 
stars  in  the  Moon's  path.  The  very  general  interest  taken  was  very 
encouraging  to  those  who  had  endeavoured  to  bring  before  the  popular 
mind  the  fact  that  celestial  phenomena  were  worthy  of  observation  and 
study. 

Mr.  Arthur  Harvey,  who  jiresented  a  coloured  drawing  of  the 
eclipsed  Moon,  said  : — "  The  eclipse  was  punctually  on  time,  though  no 
eye  could  see  to  the  minute  when  the  Moon  swept  into  the  penumbra, 
which  has  no  definite  edge.  As  this  light  shade  covered  the  maria  it 
caused  a  smoky  look,  which  prepared  the  observer  for  the  appearance  of 
the  shadow  proper.  This  was  at  first  of  the  colour  of  soot,  a  simple 
blackness,  enough  to  blot  out  the  lunar  features,  though  some  of  the 
bright  spots  were  visible  where  the  gloom  had  completely  covered  them.. 
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When  about  a  third  of  the  surface  was  covered  by  the  shadow  proper,  I 
was  called  away,  and  only  returned  to  my  post  when  totality  had  set  in. 
A  more  wonderfully  beautiful  sight  could  not  be  imagined.  The  upper 
edge  of  the  Moon  was  of  a  beautiful  blue,  below  and  on  each  side  was 
the  loveliest  tint  of  rose,  then  followed  a  yellow,  a  copper  colour,  the 
darkest  parts  of  which  were  bronze.  Though  several  eclipses  recur  to 
memory,  none  so  beautiful  is  among  them.  The  colours  of  the  sunset 
were  in  a  manner  reproduced,  which  leads  me  to  think  that  the  causes 
of  the  unusual  colour  were  in  the  cold  upper  air." 

Rev.  C.  H.  Shortt,  M.A.,  referring  to  the  beauty  of  the  Moon's 
appearance,  thought  that  some  of  the  coloui's  might  be  due  to  contrast, 
rather  than  to  a  physical  cause. 

Miss  A.  A.  Gray  and  Mr.  C.  T.  Gilbert  reported  having  observed 
several  occultations  of  faint  stars  in  the  Moon's  path  during  totality. 
Similar  observations  were  reported  by  members  of  the  Meaford  Astro- 
nomical Society. 

Mr.  A.  F.  Miller  reported  his  spectroscopic  observations  with  small 
telespectroscope  and  four-inch  refractor  : — 

The  Moon's  spectrum  was  very  bright  and  distinct,  being  visible  from 
beyond  A  to  beyond  H^ .  The  lines  in  the  red  were  vei-y  faint ;  the  lines 
most  distinctly  seen  being  those  in  the  green,  blue  and  violet.  On 
shifting  the  slit  to  fall  on  the  darkened  part,  strong,  general  and  selective 
absorption  was  evident.  The  violet  end  disappeared,  and  the  blue  was 
shadowed  and  rendered  faint.  The  darker  red  region  also  became  very 
faint,  while  from  A  to  F  many  dark  bands  appeared,  evidently  telluric 
absorption  lines.  When  the  slit  was  placed  on  the  darkest  smoke- 
coloured  regions  of  the  disc,  the  spectrum  became  very  faint  and  con- 
tracted in  length.  In  the  green  illuminated  region  the  centre  of 
spectrum  was  brightest.  It  was  possible  to  compare  the  spectrum  of  the 
o!)Scured  region  with  that  of  the  still  illuminated  portion,  which  showed 
the  shadowing  and  the  absorption  bands  fairly  in  comparison ;  but  owing 
to  the  ill-defined  edge  of  the  shadow  and  its  rapid  motion,  the  com- 
parison spectra  could  not  be  maintained  long  side  by  side. 

Mr.  G.  E.  Lumsden  presented  the  following  notes  : — 

March  10th,  1895.  The  total  eclipse  of  the  Moon  this  evening  was 
well  observed.  The  sky,  which  during  the  earlier  half  of  the  day,  had 
been  cloudy  with  snow-falls,  cleared  off  towards  night  and  permitted  all 
the  phases  of  the  eclipse  to  be  observed  in  a  manner  which  left  nothing 
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to  be  desired,  if  one  may  oiiiit  reference  to  the  temperature,  which  was 
steadily  falling  and,  during  the  night  hours,  reached  the  zero  ])oint.  Obser- 
vations were  made  with  the  naked  eye,  opera  glass,  a  two-inch  telescope, 
and  a  pocket  spectroscope.  So  far  as  could  be  detected,  the  penumbral 
eclipse  of  the  Moon  was  so  slight  as  to  be  incapable  of  estimation  ; 
possibly  the  only  standard  of  comparison,  an  impossible  one,  would  be 
the  full  Moon  itself  shining,  under  normal  conditions.  From  the  com- 
mencement of  the  total  phase,  interest  continually  deepened.  The  actual 
instant  of  beginning  could  not  be  definitely  decided,  but  once  the  dark- 
ening of  the  Moon's  limb  was  noted,  every  minute  seemed  to  add  to  the 
area  undergoing  ecli])se.  As  the  shadow  wore  on,  the  lunar  areas  most 
affected  appeared  to  be  those  depressed  regions  usually  called  "seas." 
The  higher  levels  took  on  and  preserved  throughout  a  bright  copper  hue, 
which,  in  places,  somewhat  resembled  the  metal  when  burnished.  One 
most  persistent  feature  was  the  brilliant  bright  line  which  bounded  the 
limb  where  first  it  entered  the  Earth's  shadow.  The  contrast  between 
this  sharply  defined  line  and  the  neighbouring  portions  of  the  lunar  land- 
scape was,  perhaps,  more  perceptible  to  the  naked  eye  than  in  the 
telescope.  Indeed,  the  beauty  of  the  eclipse  suffered  nothing  by  naked 
eye  observation,  with  the  possible  exception  afforded  by  the  lovely  tints 
which  formed  the  terminator  or  arc  of  the  advancing  shadow.  Though 
strongly  suffused  by  greenish  and  bluish  tones,  there  seemed  to  be  pre- 
sent many  of  the  scintillations  of  the  opal,  due  probably  to  the  frost 
particles  floating  in  the  upper  atmosphere.  As  the  eclipse  became 
total,  and  the  Moon  was  shorn  of  her  light,  surrounding  stars,  hitherto 
invisible,  appeared  in  the  telescope  ;  of  these,  seven  or  eight  were  in  the 
telescopic  field  and  close  to  the  Moon.  Though  most  of  the  last  men- 
tioned were  about  to  be  occulted,  they  are  not  found  in  the  almanacs,  so 
that  it  may  be  assumed  they  were  of  magnitudes  less  than  of  the  sixth. 
When  completely  in  the  shadow,  the  phenomenon  presented  by  the  full 
round  lunar  orb,  still  easHy  visible,  surrounded  by  bright  stars,  and  itself 
marked  by  variegated  tints,  was  something  not  to  be  forgotten.  The 
effect  was  greatly  heightened  by  the  entire  absence  of  moonlight  and, 
consequently,  of  the  shadows  on  the  Earth  to  whicb  one  is  accustomed. 
About  9.50,  as  the  neighbouring  stars  were  beginning  to  be  perceptible 
in  the  telescope,  my  attention  was  caught  by  a  bright  point  of  light 
which  seemed  to  be  hanging  centrally  upon  the  western  limb  of  the 
Moon.     After   some  seconds'  observation,  this  object  began  to  flicker. 
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Tt  then  seemed  to  enter  on  the  lunar  disc,  only  to  disappear  instantane- 
ously. I  could  not  explain  this  until  some  minutes  later,  when  the 
^:ime  object  was  re-observed,  this  time  a  little  further  down  the  limb. 
The  mystery  was  now  ex]:»lained  by  the  fact  that  a  star  had  passed 
liehind  the  edge  of  the  Moon.  About  the  same  moment  that  this  stai-  was 
occulted,  I  noticed  what  seemed  to  be  a  light  a  little  to  the  i-ight  and 
below  the  centre  of  the  ]Moon,  as  inverted  in  the  telesco])e.  This  stellar 
point  was  very  puzzling,  and,  for  want  of  higher  magnifying  ])()wer, 
was  difficult  to  identify  on  the  disc,  though  reference  was  immediately 
had  to  maps.  The  object  seemed  to  be  situated  exactly  on  the  point 
of  the  tongue  of  darkened  landscape  projecting  northwards  into  Sinus 
j^stuum,  in  the  vicinity  of  Eratosthenes.  This  bright  point  was  observed 
steadily  for  some  minutes.  Presently,  however,  it  became  unsteady  and 
began  to  disappear  and  to  re-appear  at  longer  and  still  longer  intervals. 
Finally,  it  flickered  and  went  out  almost  at  tlie  moment  of  total  eclipse. 
I  have  been  at  a  loss  to  account  for  this,  but  of  one  thing  I  am  confident, 
and  that  is  a  light  was  there. 

Among  other  reports   of  general   interest,    Mi-.  Lumsden  read  some 
notes  upon  a 

PAKHELION,   MARCH    14, 

which  he  had  observed  at  6  p.m.,  and  which,  though  rather  poorly 
defined,  was  noteworthy  because  of  the  very  ])eculiar  cloud  formation 
])revailing  at  the  time.  While  the  extreme  northern  and  southern  portions 
of  the  sky  were  filled  with  confused  and  broken  cloud-masses,  there  was  a 
clear  belt,  some  thirty  or  foi'ty  degrees  in  width,  extending  from  the  west- 
ward, where  the  Sun  was  setting,  immediately  over  the  observer's  he  id, 
to  the  eastern  horizon.  Stretched  throughout  along  the  centre  of  this 
belt,  but  diametrically  across  it,  lay  a  series  of  very  similar  convoluted 
forms  at,  apparently,  equal  distances  from  each  other.  These  torpedo- 
.shaped,  cylindrical  clouds,  for  they  were  invai-iably  thickest  in  the  middle 
and  tapered  gradually  to  more  or  less  Ijlunted  ends,  poin*^ed  noith  and 
south.  Those  from  the  point  overhead  and  towards  the  western  iiorizon, 
were  most  perfect  in  shape  and  were  jieculiarly  beautiful  and  gi-aceful, 
lighted  up  as  they  were  around  their  edges  by  the  setting  Sun.  which 
suffused  them  with  warm  grey  tones  deepening  to  ruddy  tints  along  their 
outlines.  Some  of  the  prettiest  effects  were  to  l)e  noticed  in  those  clouds 
which  had  a  rolled-up  appearance,  as  if  they  had  been  the  sport  of 
the   wind,  which,  at  the  time  of  observation,  was  only  a  gentle  breeze. 
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In  a  few  of  them  might  be  seen  convolutions,  lendering  them  not  unlike 
objects  formed  of  wi-appings.  These  clouds  were  noticed  by  many  passers 
on  the  street  and,  by  some  of  them,  compared  to  a  numerous  fleet  of 
large  white  torpedo  boats  lying  side  by  side,  at  regular  intervals,  and 
anchored  in  mid-air.  Mr.  Lumsden  counted  tifty-eight  of  these  forms. 
In  half  an  hour  most  of  them  had  yielded  to  the  effects  of  the  breeze, 
and.  beside  drifting  southerly,  had  become  more  or  less  ragged  along 
their  outlines  and,  in  some  cases,  broken  up.  Two  or  three,  howevei-, 
preserved  their  first  observed  shape  for  a  few  minutes  longer.  Miss 
Gray  said  she  had  observed  the  clouds,  and  with  others,  had  been  much 
interested  in  their  striking  appearance.  Mr.  R.  F.  Stupart,  Director 
of  the  Observatory,  stated  that  the  clouds  had  been  described  to  him  by 
several  persons  who  had  seen  them  and  were  curious  to  know  how  they 
had  been  caused. 
A  paper  on 

EARTHQUAKE  AND  VOLCANIC  PHENOMENA 

was  read  by  Mr.  A.  Elvins.  The  following  is  a  brief  synopsis  : — It  was 
held  that  the  Sun's  energy  is  the  great  source  of  terrestrial  heat,  and 
that  as  the  Earth's  axial  rotation  and  annual  revolution  cause  all  por- 
tions of  the  surface  to  be  presented  alternately  to  the  Sun,  the  solar 
energy  is  distributed  pretty  evenly  over  it  ;  also  that  the  immense 
amount  of  solar  energy  converted  into  heat  at  the  Earth's  surface  keeps 
the  temperature  from  lowering  as  a  whole,  so  that  the  heat  of  the  Earth 
may  remain  constant  or  possibly  may  increase.  Mr.  Elvins  referred  to 
the  fact  that  different  geological  strata  expand  diflferently  with  the  same 
def^ree  of  heat ;  sandstone,  for  instance,  expanding  much  more  than 
marble.  The  strata  are  in  some  cases  of  great  thickness,  and  the  weight 
must  be  enormous.  As  a  result  of  this  difference  of  expansion,  the  fric- 
tion produces  great  heat  at  the  junction  of  two  strata.  The  expansion 
of  a  stratum  when  covering  a  large  area  causes  crumpling  of  the  rock 
beds,  and  mountains  ai-e  the  result. 

The  greater  expansion  of  an  underlying  stratum  sometimes  ruptures 
the  less  expansive  rock  lying  on  the  surface,  causing  fissures,  through 
which  water  sometimes  finds  its  way  to  the  heated  rock  beneath,  where 
it  is  converted  into  steam.  Explosions  occur,  causing  earthquake  shocks, 
and  sometimes  the  fused  matter  and  steam  force  a  vent,  and  a  volcano  is 
the  result.     Mr.  Elvins  contended  that  solar  energy  converted  into  heat 
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at  the  Earth's  surface  would  not  be  wholly  radiated  into  space,  and  that 
heating  up,  instead  of  cooling  off,  is  what  ought  to  be  expected. 

He  remarked  that  "  we  never  see  a  roasting  fowl  get  cooler  whilst 
it  is  turning  on  a  spit  in  front  of  a  fire,"  nor  should  we  expect  the  Earth 
to  cool  oflf  whilst  it  lotated  on  its  axis,  turning  its  different  parts  regu- 
larly sunward.  The  solar  heat,  combined  with  the  heat  pi-oduced  by  the 
fall  of  meteoric  matter  on  the  Earth,  and  tbe  impact  of  ether  waves  on 
every  side  of  it,  is,  in  Mr.  Elvins'  opinion,  causing  a  rise  in  the  Earth's 
temperature,  and  the  consequent  expansion  of  its  locky  strata  causes 
■earthquakes  and  volcanic  action. 


SIXTH  MEETINa 

April  2nd  ;  Mr.  A.  Elvins  in  the  chair. 

Mr.  J.  F.  Parkyn,  of  Toronto,  was  elected  an  active  member  of  the 
Society. 

On  motion  of  Mr.  G.  E.  Lumssden,  seconded  by  Rev.  C.  H.  Shortt, 
M.A.,  the  Right  Reverend  J.  A.  Newnham,  D.D.,  of  Moose  Factory, 
Bishop  of  the  Anglican  Diocese  of  Moosonee,  was  duly  elected  a  corres- 
ponding member  of  the  Society. 

Mr.  Lumsden  said  it  had  i>een  his  privilege,  in  another  place,  to  hear 
Dr.  Newnham  describe  the  meteorological  conditions  which,  especially 
in  the  winter  season,  prevail  in  the  neighbourhood  of  St.  James'  Bay. 
These  descriptions  included  accounts  of  auroras,  some  of  which  had  been 
rather  remarkable.  Not  infrequently,  displays  lasting  through  several 
nights  ai-e  witnessed,  the  supposition  being  that  they  really  are  active 
day  and  night  during  the  time,  but,  as  suitable  instruments  for  detecting 
evidence  of  this  are  not  yet  in  the  country,  the  fact  cannot  be  estab- 
lished. As  a  rule,  the  aurorte  belong  to  the  ordinai'y  type,  the  whitish 
glow  being,  however,  intensified  to  a  degree  far  in  excess  of  that  to  w^hich 
we,  in  southern  Canada,  are  accustomed.  The  light,  which  is  said  to  be 
at  times,  quite  equal  to  that  of  the  full  Moon,  is  often  very  steady,  a 
feature  of  which  it  is  His  Lordship's  intention  to  take  advantage 
during  the  coming  winter,  to  ascertain  whether  the  landscape  can  be 
photographed  by  its  means.  At  times,  the  skies  are  made  gorgeous  by 
the  splendidly  hued  fan-like  streamers,  or  rays,  and  by  curtains  with 
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golden  -draperies  whirling,  or  in  rapid  undulatory  motion,  and  by  tints,^ 
Tuore  or  less  strongly  defined,  of  blue,  yellow,  green,  white,  and  red, 
everywhere  apparent  over  the  violently  agitated  heavens.  Though  the 
prospects  of  success  are  not  assured,  it  is  the  Bishop's  intention,  as  special 
occasion  otters,  to  expose  some  very  rapid  dry-plates  for  the  purpose  of 
ascertaining  whether  any  of  the  auroral  effects  can  be  reproduced  by 
photography.  Dr.  Newnham  had  more  than  once  heard  the  crepitating 
or  rustling  sound  associated  by  some  observers  with  brilliant  displays,  and 
described  it  as  being  quite  distinct  at  times.  The  intensity  of  the  auroraa 
reported,  is  coniirraatory  of  Humboldt,  who,  during  an  aurora  witnessed 
by  him,  on  the  7th  of  January,  1831,  was  able  to  read  printed  characters, 
and  of  Bravais  who  states  that  in  Finmark  he  could  read  by  the  auroral 
light  '•■  a  page  of  small  print  almo.st  as  easily  as  by  the  light  of  the 
full  Moon."  The  Bishop  evinced  great  interest  in  the  work  of  this 
Society,  and  promised  to  send  to  it,  from  time  to  time,  an  account  of 
such  noteworthy  observations  as  he  was  able  to  make  during  his  residence 
at  Moose  Factory  and  during  his  journeyings  through  his  vast  Diocese  in 
the  performance  of  the  duties  of  his  office. 

Mr.  G.  G.  Pursey  presented  a  series  of  drawings  of  the  telescopic 
appearance  of  the  Sun,  extending  over  a  period  of  three  months.  One 
conclusion  to  which  he  was  led  by  his  observations,  which  extended 
altogether  over  some  twelve  months,  during  which  careful  notes  had  been 
taken,  was  that  in  all  cases  when  a  s[)0t  is  about  to  come  over  the  disc  it  is 
preceded  by  faculse.  So  regularly  had  this  been  observed  that  it  hnd 
been  found  possible  to  predict  the  appear.ince  of  the  s])ots  x-egardless  of 
the  date  of  return  by  rotation. 

Mr.  Arthur  Harvey  drew  attention  to  the  recent  earthquakes  in 
Sicily  and  the  southern  parts  of  Italy,  M-hich  had  followed  at  no  great 
interval  the  earthquakes  in  Greece  and  at  Constantinople.  He  thought 
it  not  unlikely  that  this  volcanic  activity  might  be  the  precursor,  within 
a  few  years  at  most,  of  a  more  important  seismic  disturbance  theie,  and 
indicated  the  concurrence  of  a  very  low  barometer,  and  a  new  or  full  INIoou 
as  the  time  to  expect  the  same. 

Mr.  J.  Van  Sommer  then  read  the  following 
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NOTES  ON  AURORAL  DISPLAYS  :    ARE  THEY    DUE    TO    SOLAR  RADIAL  ELECTRIC 

CURRENTS  ? 

There  are  some  features  of  the  aurora  with  which  we  are  not  at  present 
sufficiently  acquainted,  but  which  are  mere  matters  of  enquiry  and  cor- 
respondence ;  accurate  knowledge  of  those  things  which  we  can  find  out 
would  probably  lead  us  in  the  right  direction  towards  the  solution  of  the 
problem  of  this,  one  of  nature's  most  attractive  displays.  Every  one  is 
ready  to  watch  that  soundless  movement  of  rapidly  scintillating  tire 
from  an  unknown  source  in  the  northern  heavens. 

Some  of  the  questions  are  : — (1)  As  in  the  northern  regions  where 
the  Sun  is  below  the  horizon  in  winter  an  aurora  is  seen  any  time  in  the 
twenty-four  hours,  do  our  magnetic  needles  show  us  any  signs  of  auroral 
display  in  the  day  time,  when  by  reason  of  the  light  they  would  other- 
wise pass  unobserved  ?  (2)  When  we  see  an  aurora  at  any  certain  longi- 
tude west  of  Greenwich,  is  there  one  to  be  seen  at  the  corresponding 
longitude  east?  (3)  If  not,  how  many  degrees  will  the  appearance 
compass?  (4)  Also,  if  not,  will  an  aurora  follow  the  night  around  the 
northern  hemisphere,  or,  if  the  light  moves  round  tlie  pole,  which  way 
does  it  travel,  east  or  west?  (5)  When  there  is  an  aurora  at  the  north 
is  there  one  seen  at  the  south  pole  at  the  same  time  %  These  five  ques- 
tions are  very  simple,  and  admit  of  an  early  solution,  but  on  the  answers 
(especially  to  No.  2  and  5),  depend  to  a  large  extent  any  theory  we  niay 
be  building  up. 

It  has  been  suggested  that  the  auroral  light  is  seen  over  large  tracts 
of  land  containing  mineral  deposits,  which  may  be  several  degrees  south 
of  the  north  pole.  If  we  find  that  at  the  same  time  the  disi)lay  was 
visible  on  the  corresponding  and  opposite  side  of  the  pole,  we  can  safely 
say  that  the  layers  of  mineral  in  New  York  state,  as  I  have  seen  it 
suggested,  or  in  our  own  North-West,  as  another  writer  has  proposed, 
had  nothing  to  do  with  producing  the  display.  If  we  further  find  tliat 
there  is  a  correspondence  in  time  between  a  display  at  the  north  and 
one  in  the  south,  I  cannot  see  that  the  question  as  to  the  origin  of  the 
phenomena  can  remain  any  longer  open  to  controversy  as  to  whether  it 
is  due  to  a  magnetic  citrrent  or  not,  but  that  its  appearance  at  the  two 
poles  at  the  same  time,  if  not  always  but  sometimes,  would  be  sufficient 
proof  that  it  was  magnetic — and  further  still  that  it  was  due  to  a 
magnetic  current  passing  through  the  Earth — and  further  still,  that  if 
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there  was  this  current  passing  through  the  Earth,  the  terminals  of  the 
current  must  be  sometvhere  outside  our  globe. 

First  of  all  I  ask  your  admission  to  what  seems  to  me  to  be  simply  a 
scientific  truism,  namely,  that  if  these  currents  are  passing  through  our 
Earth  from  pole  to  pole  their  terminals  are  outside  our  globe.  This 
seems  a  simple  admission,  but  once  admit  the  theory,  once  admit  what 
we  can  almost  call  a  self-evident  fact,  and  you  launch  out  on  a  course  of 
investigation  which,  I  believe,  will  be  new,  and  fraught  with  much 
interest,  namely,  where  are  the  terminals  of  this  current  passing  through 
our  Earth  ?  Where  do  they  go,  or  from  where  do  they  come  ;  on  what 
great  electric  line  are  we,  with  what  undiscovered  country  does  this 
ethereal  cable  connect  us,  where  is  the  all-powerful  dynamo  that  for  ever 
keeps  this  line  of  unknown  length  in  use  1  I  will  say  here  that  this 
paper  is  more  for  the  purpose  of  helping  on  to  discovery,  than  of  bring- 
ing positive  proof ;  facts  I  will  tiy  to  bring  befoi'e  you,  the  deductions  I 
leave  entirely  to  yourselves. 

During  a  display  the  magnetic  needle  of  a  compass  is  uncertain  and 
the  telegraph  wires  are  weak.  It  is,  as  we  might  say,  that  the  electric 
*'  tension "  for  the  time  being  becomes  relaxed,  the  current  is  either 
diminished,  or,  like  the  tide  in  a  river,  is  flowing  in  against  the  stream. 

With  a  small  piece  of  steel  you  can  deflect  the  needle  of  a  compass  a 
certain  number  of  points  east  or  west,  but  take  away  the  counter  attrac- 
tion and  the  needle  quickly  returns  ;  but  during  an  electric  disturbance, 
with  which  an  aurora  is  generally  in  connection,  and  which  is  always 
present  during  an  aurora,  the  needle  can  be  turned  much  more,  and  its 
return  is  slow  and  uncertain,  or  rather  inexact. 

The  idea  has  been  expressed  that  during  an  aurora  there  is  a  rush  of 
electricity  upward  from  our  Earth, — in  fact,  it  is  described  as  if  the 
northern  magnetic  circle  or  pole  was  in  a  state  of  magnetic  ebullition, 
or  giving  forth  electricity.  If  this  were  so,  the  natural  result  to  be 
looked  for  would  be,  that  the  electric  tension,  as  we  have  called  it, 
would  be  stronger,  in  a  state  of  abnormal  activity.  We  find,  however, 
that  this  is  not  so  ;  on  the  contrary,  it  is  confused,  so  we  do  not  see  that 
there  is  any  addition  to  the  strength  of  these  streams  of  electricity 
through  our  Earth,  during  an  aurora. 

The  normal  state  of  the  electric  stream  is  probably  the  usual  rapid 
flashing  stream,  and  its  direction  northward  and  onward. 

Observers   believe   they  have   established  the   fact  that  the  aurora 
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is  more  or  less  periodical — about  every  seventeen  days  or  twenty-three 
days.  What  is  periodical  is  always  dependent  on  outside  causes,  so  if 
the  auroi-a  is  periodical  it  would  lead  us  without  any  doubts  to  look  for 
the  cause  oflf  the  globe. 

I  throw  myself  on  the  mercy  of  the  Society,  which  I  know  they  are 
ready  to  accord  to  all  suggestions,  however  wild,  and  venture  to  make 
the  following  suggestion  as  to  the  cause  of  auroral  displays  ;  it  is  this  : — 

That  there  is  a  stream  of  electricity  passing  through  our  Earth  from 
pole  to  pole,  originating  from  some  mighty  outside  influence,  and  that 
the  immediate  cause  of  the  aurora  is  some  intervening  body  along  this 
electric  circle,  as  for  instance  a  nebulous  meteoric  cloud,  or  shower, 
circling  perhaps  around  us  outside  the  Moon,  or  between  us  and  the 
Sun,  where  we  know  they  do  exist  ;  or  some  other  body  that  deflects,  or 
causes  counter  attraction  to  our  magnetic  current,  and  that  while  this 
temporary  break,  or  partial  divergence  of  our  current  is  taking  place, 
the  consequent  scintillation  of  the  electric  current  is  seen  in  the  rarified 
space  at  our  poles,  due  to  this  disturbance  along  the  electric  circuit. 

The  arc  seems  the  natural  line  of  galvanic  electricity,  the  dii-ect  line 
is  the  line  of  magnetic  attraction.  If  you  place  a  card  on  a  horseshoe 
magnet  and  sprinkle  iron  filings  on  it,  and  gently  tap  the  card,  so  as  to 
make  the  filings  move,  they  arrange  themselves  in  direct  lines  between 
pole  and  pole,  and  also  in  radial  lines  on  either  side  forming  circles 
between  pole  and  pole  ;  it  is  these  radial  lines  that  I  wish  you  to  study. 
You  might  find  that  they  possess  different  qualities. 

By  the  kindness  of  the  Univex'sity  authorities  I  have  lately  made 
some  experiments  with  these  radial  lines. 

If  yon  take  a  vacuum  glass  of  some  size  and  place  it  on  the  plate  of 
an  exhaust  pump,  and  have  a  covered  rod  inserted  through  the  top, 
attacliing  the  wires  from  a  coil  to  the  rod  and  plate,  when  the  current  is 
turned  on  there  will  be  a  diffused  line  of  the  electric  light  from  the  rod 
to  the  plate.  But  if  you  insert  the  end  of  the  rod  in  a  glass  cup,  lined 
with  tin  foil  or  half  filled  with  water,  when  the  current  is  turned  on 
the  direct  x-ays  seem  to  be  obstructed,  while  the  outer  cxix-ved  radial  lines 
will  rise  fi-om  the  glass  cup  and  form  a  cascade  of  electric  stx-eams  to  the 
plate  below.  The  very  form  of  the  lines  px'oves  that  these  outside 
streams  of  electric  enei-gy  do  not  seek  the  shortest  roxxte  fi-om  poixit  to 
point,  hut  that  their  dix-ection  of  movement  is  a  cux've  or  circle.  If  the 
current  is  i-eversed,  the  electric  fluid  does  no  longer  I'ise  in  the  form  of 
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a  cascade,  but  clings  close  to  the  glass,  and  in  one  case,  when  it  was  left 
for  some  time,  the  streams  had  formed  two  distinct  lines  north  and  south. 
Why  this  difference  some  of  our  enterprising  members  might  study  ;  at 
present  I  can  think  of  no  explanation. 

An  electric  current,  then,  thiough  space  would  be  an  arc  ;  all  move- 
ment in  space  is  in  a  circle.  Once  admit  this  idea  to  your  mind,  of  an 
electric  current  passing  through  space,  and  through  our  Earth,  and  we 
immediately  think  of  the  other  end  of  this  vast  electric  arc.  Now  we 
know  that  if  you  revolve  a  steel  wheel  round  an  iron  axle,  but  isolated 
from  it,  you  start  an  electric  current  through  the  axle  at  right  angles  to 
the  motion  of  the  wheel,  and  if  the  wheel  is  formed  of  magnets  the  axle 
will  revolve  as  we  see  in  the  electric  motors.  The  current  would  prob- 
ably take  the  form  of  an  arc  as  soon  as  it  escaped  from  the  ends  of  the 
axle. 

If  we  had  means  to  show  it,  we  should  probably  find  the  radial 
curves  forming  a  semi-circle  from  one  end  of  the  axle  to  the  other.  One 
end  is  negative  and  the  other  positive,  and  there  must  be  union  of  the 
electric  current  before  we  obtain  any  effect. 

The  Sun  is  the  centre  of  terrestrial  revolution,  and,  knowing  as  we 
do  that  it  is  impossil)le  to  have  movement  without  starting  an  electric 
current,  or  to  have  fire  either,  as  that  also  will  immediately  produce 
electricity,  the  amount  of  electric  energy  produced  by  the  production 
of  heat  in  the  Sun,  its  rapid  revolution,  and  our  rapid  movement,  must 
produce  wonderful  currents  of  the  electric  force  in  the  space  around  us. 
The  motion  would  be  at  right  angles  to  the  Sun's  equator,  that  is  from 
the  poles  or  axle  of  the  Sun.  As  the  light  streams  to  us  from  the  Sun, 
as  the  force  of  attraction  reaches  u.'*  in  a  direct  line  from  the  Sun,  is  it 
not  possible  that  these  great  galvanic  circles  also  reach  us,  and  the  other 
l)lauets  as  well  ?  Might  not  these  great  cables  be  the  means  by  which 
we  receive  the  effect  of  the  storms  or  other  disturbances  in  the  Sun  ? 
Might  not  their  use  be  to  hold  us,  as  it  wei'e,  in  the  plane  of  the  Sun's 
equator,  as  if  between  the  points  of  an  immense  pair  of  tongs  % 

One  further  point  and  I  have  hnished.  In  vacuum  tubes,  and  in 
the  particular  kind  known  as  Crookes'  tubes,  there  is  shown  the  electric 
light  passing  from  point  to  point,  and  in  some  of  them  a  small  i)iece  of 
metal  is  delicately  balanced  between  thin  wire  points,  and  this  the  cur- 
rent will  cause  to  revolve.  The  special  point  to  mark  here  is  that  the 
motion  cannot  be  due  to  magnetic  force,  but  to  some  other  motive  power 
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iu  the  electric  stream.  This  motive  posver  was  the  object  of  my  experi- 
ments at  the  University  ;  but  in  the  large  bell-glass,  with  the  apparatus 
I  used,  this  motion  did  not  show,  though  it  doubtless  exists.  To  illus- 
trate this  motion  is  another  point  that  1  would  commend  to  the  attention 
of  those  who  have  the  time  to  give  to  it,  especially  for  this  reason,  that 
if  we  are  in  a  magnetic  circle  with  the  Sun,  and  the  current  is  a  motive 
power,  it  must  have  a  direct  effect  on  the  motion  of  the  Earth,  perliaps 
regulate  it  or  be  the  cause  of  it. 

The  three  canclusions  which  these  theories  seem  to  lead  to  are  : 

That  the  Sun  is  the  centre  of  electric  currents,  extending  iii  circles 
<it  right  angles  to  its  equator,  and  reaching  to  the  plauets ; 

That  they  are  either  a  direct  cause,  or  are  regulators  of,  our  motion 
and  position  ; 

And  that  these  currents  are  the  cause  of  the  auroral  light  seen  at 
the  two  magnetic  poles  of  our  Earth. 


SEVENTH  MEETING. 

April  16th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  in  the 
-chair. 

Communications  were  read  fcom  Lieutenant  Winterhalter,  Naval 
Observatory,  Washington,  and  from  Dr.  Francois  Terby,  Louvain, 
Belgium. 

Miss  A.  A.  Gray  read  a  letter  received  from  the  })upils  of  the  senior 
class  of  Wellesley  school,  asking  for  the  pleasure  of  an  evening  at  the 
telescope.  Several  members  agreed  to  assist  Miss  Gray  and  place  their 
instruments  at  the  service  of  the  school  on  the  first  suitable  occasion. 

It  was  moved  by  Mr.  A.  Elvins,  seconded  by  Mr.  A.  F.  Miller  : — 
Resolved,  That  this  Society  deeply  sympathizes  with  its  esteemed  fellow- 
members,  Mr.  G.  G.  and  Miss  Jeane  Pursey  in  the  great  loss  which  they 
have  sust^uned  by  the  death  of  a  wife  and  mother,  and  wishes  to  express 
the  hoiie  that  they  will  be  supported  by  that  infinite  power,  intelligence 
and  love  which  governs  the  universe  and  doeth  all  things  well. 

In  moving  the  resolution,  Mr.  Elvins  referred  to  his  long  friendship 
wilh  Mr.  Pursey  and  his  family,  and  to  the  very  high  regard  in  which  they 
had  been  held  by  all  who  were  privileged  to  enjoy  their  acquaintance. 
Mr.  Miller,  in  seconding  the  resolution,  referred  to  the  many  very 
pleasant  meetings  which  had  been  held,  in  the  early  days  of  the  Society's 
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existence,  at  Mr.  Pursey's  house,  and  to  the  kindly  hospitality  of  Mrs. 
Pursey,  who  had  always  taken  very  great  pleasure  in  making  welcome 
those  who  met  together  for  recreative  study.  The  Chairman,  in  tender- 
ing the  sympathy  of  the  Society  to  Mr.  Pursey,  jmid  a  high  tribute  to 
the  Christian  chai'acter  of  his  deceased  wife,  and  to  her  zeal  in  the 
Christian  work  in  which  she  had  been  long  engaged. 

Dr.  J.  C.  Donaldson,  of  Fergus,  on  the  subject  of  double-star 
observations,  wrote  : — "On  the  evening  of  April  10th  I  observed  with 
my  3^-inch  the  comes  to  X  Geminorum.  I  found  this  star  suiEciently 
diflScult  for  my  eye  with  the  full  aperture  of  my  glass,  although  it  is 
given  in  a  list  of  stars  at  page  281  of  vol.  I.,  Pojndar  Astro7iomy,  as  a 
space  penetrating  test  for  a  3-inch  glass.  In  the  fourth  edition  of 
Webb's  Celestial  Objects,  the  author  adds  in  his  comments  'not  seen.' 
I  think  it  will  require  a  pretty  fair  3-inch  telescope  to  show  the  comes  to 
A  Geminorum." 

The  Secretary  read  the  following  communication,  received  from  Mr. 
W.  N.  Greenwood  : — 

Glassox  Dock,  Lancaster,  England,  5th  April,  1895. 
The  Secretary,  Astronomical  and  Physical  Sociely,  Toronto,  Canada: 

Dear  Sir, — Seeing  in  one  of  our  scientific  journals  a  few  words  to  the  efl'ect 
that  the  French  Bureau  des  Longitudes  had  given  in  its  adhesion  to  the  unification 
of  civil  and  astronomical  time,  iu  response  to  a  circular  issued  by  a  joint  Commit- 
tee of  the  Canadian  Institute  and  your  Society,  will  you  kindly  give  me  confirma- 
tion of  this  fact.  I  thought  possibly  the  journal  of  your  Transactions  for  1894 
might  give  me  the  information,  but  I  have  not  succeeded  in  obtaining  a  copy  in 
this  country. 

The  unification  of  the  above  times  and  the  24-hour  method  of  recording  the 
time  has  been  matter  of  much  interest  to  me  during  the  last  ten  years,  and  m  my 
humble  way  I  have  done  what  I  could  to  make  the  adoption  of  both  methods  an 
accomplished  fact ;  but  I  do  not  claim  much  for  my  success,  though  I  iiave  adopted 
the  system  throughout  in  my  Tide  Table  and  Nautical  Almanac  during  the  whole 
of  the  ten  years  in  question.  I  forward  you  a  copy  of  the  book  with  my  compli- 
ments ;  please  to  accept  it ;  if  only  to  show  what  has  been  done  for  some  time 
past  to  make  the  uniform  time  more  popular  on  this  side  the  water,  it  may  be  of 
interest  to  you.  I  wish  I  could  say  that  the  success  had  been  marked,  but  it  is 
not  so,  though  some  time  since  when  I  proposed  to  change  the  system,  finding  it 
telling  against  the  sale  of  the  work  itself,  I  was  informed,  in  some  quarters  at 
least,  the  change  would  be  resented.  This  was  on  the  part  of  the  foreign  goinj,' 
users  only  ;  the  home  customers  wished  it  the  other  way.  Seeing,  therefore,  as  I 
said,  the  note  as  to  the  action  of  the  French  Bureau,  I  was  much  interested  in  it, 
for  possibly  it  brings  us  a  step,  and  not  a  small  one,  nearer  the  time  when  the 
civil  and  astronomical  and  '24-hour  day  will  be  the  same  all  over  the  civilized 
world. 
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Trusting  you  will  excuse  the  liberty  T  take  and  oblige  me  with  the  information 
asked,  or,  if  more  convenient  to  you  and  to  be  found  therein,  a  copy  of  your 
journal  of  Tra7i suctions. 

I  am,  dear  sir,  yours  faithfully, 

W.  Nelson  Greenwood, 

F.  Imp.  Inst.;  F.  R.  Met.  Soc;  etc. 

The  Secretary  wa.s  requested  to  reply  to  Mr.  Greenwood,  forwarding 
a  copy  of  the  Society's  Transactions  and  expressing  the  hope  tliat  Mr. 
Greenwood  would  favour  the  Society  with  a  pa])er  on  the  general  subject 
of  the  unification  of  time  at  his  earliest  convenience. 

Mr.  A.  F.  Miller  read  the  following  notes  on  the  coincidence  of  some 
of  the  spectral  lines  of  argon  with  lines  in  the  specti-a  of  the  gaseous 
nebulae  : — 

"  Prof.  Crookes,  F.R.S.,  having  published  his  detei'minations  of 
the  wave-lengths  of  thirty-nine  lines  in  the  blue  spectrum  and  twenty- 
four  lines  in  the  red  spectrum  of  argon,  I  compared  the  positions  thus 
derived  with  the  positions  of  about  seventy-five  nebular  lines  tabulated 
by  Prof.  Dr.  Scheiner,  as  follows  : — - 


Blue  Argon. 
\ 

Red  Argon. 
A 

Nebula. 

Remarks. 

500-7 
496-55 

518-58 

5007-05 

5183 

4959-02 

(The  chief  nebular  line.) 
(Second  nebular  line. ) 

5  neb 
5       ' 

ulse. 

439-95 

4390 

3       ' 

436-9 

4363-8 

5 

425-95 

425-95 

4265 

2       ' 

416-45 

4167  ) 

1 

415-95 

415-95 

4154  ( 

1 

410-5 

4101-85 

5       ' 

394-85 

3959 

1 

386-85 

3868 

4 

376-6 

3768 

1 

372-98 

3727 

1 

12 

3 
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In  cases  where  the  coincidence  is  very  close,  though  not  exact,  com- 
parisons of  relative  intensities  of  the  lines  would  be  of  value.  Crookes 
gives  the  intensity,  but  this  point  is  wanting  in  the  table  compiled  by 
Scheiner.  However,  the  complete  coincidence  of  the  chief  nebular  line 
and  the  very  near  coincideuce  of  the  second  nebular  line,  are,  to  say  the 
least,  highly  significant.  It  must  also  be  remembered  that  Professor 
Ramsay  has  published  a  brief  note  that  he  has  found  associated  with 
argon  (in  a  mineral  teimed  cleveite)  another  gas,  the  spectrum  of 
which  is  a  line  at  X  5876,  coincident  with  D^,  or  the  characteristic  line 
of  helium. 

Only  one  line  in  the  red  argon  spectrum  a))proximates  in  position  to 
a  nebular  line,  not  already  matched  in  the  blue  argon  spectrum.  Taking 
into  account  the  difference  of  physical  condition  under  which  the  blue 
and  red  spectra  are  produced,  the  result  can  hardly  but  be  considered 
as  a  significant  indication  of  the  existence  of  a  higher  temperature  in  the 
nebulte  than  has  been  hitherto  assumed.  The  blue  argon  spectrum  is 
|)roduced  by  a  very  intense  and  hot  spark  of  relatively  high  E.  M.  F. 
and  negMtive  in  origin  ;  the  red  argon  spectrum  is  produced  by  a  positive 
spark  of  considerably  lower  intensity  and  temperature. 

Mr.  Arthur  Harvey  then  read,  by  request,  a  popular  account  of  the 
recent  discovery  of  helium,  to  which  Mr.  Miller  had  referred,  reviewing 
the  woi  k  of  Prof.  Kamsay  and  Mr.  William  Crookes,  which  had  resulted 
in  the  i.leutitication  of  the  hitherto  hypothetical  element  in  the  upper 
atmosphere  of  the  Sun.  The  work  of  M.  Berthelot  also  was  briefly 
reviewe  I,  and  an  account  given  of  the  experiments  which  led  him  to 
conjecture  that  the  enigma  of  the  aurora  may  be  solved  by  considering 
it  to  be  a  fluoresceni-e  produced  by  argon  or  its  congeners,  under  the 
influence  of  electrical  discharges  developed  in  the  atmosphere  under 
certain  physical  conditions. 

It  was  announced  that  on  the  first  favourable  occasion  for  observation 
a  special  meeting  would  be  held  for  the  purpose  of  testing  in  actual 
work  an  eight-inch  reflecting  telescope  which  Messrs.  J.  R.  and  Z.  M. 
Collins  liad  I'ecentlv  constructed. 
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EIGHTH  MEETING. 

April  30th;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  in 
the  chair. 

Mr.  G.  E.  Lumsden  was  appointed  to  act  as  delegate  representing 
the  Astronomical  and  Physical  Society  at  the  annual  meeting  of  the 
Royal  Society  of  Canada,  to  be  held  in  Ottawa,  May  15th,  and  to 
present  a  report  of  work  done  during  the  year  1894. 

A  letter  from  Rev.  W.  G.  Hanna,  Ph.D.,  of  Uxbridge,  was  received ; 
it  was  decided  to  forward  to  Dr.  Hanna  the  publications  of  the  Society 
thus  far  issued,  and  to  i-equest  him  to  consider  whether  a  branch  of  the 
Society  could  be  established  in  his  locality. 

The  Librarian  reported  that  he  had  received  from  the  Astronomical 
Society  of  the  Pacific,  to  whom  sincere  thanks  were  due,  several  back 
numbers  of  its  publications,  thus  completing  all  the  volumes  to  date. 

Mr.  A.  F.  Miller  read  the  following  notes  of  observations  : — 

'       April  28th,  1895,  9  h. 
Micrometrical  : — Measures  of  large  oval-shaped  spot  in  group  nearing 
west  limb.  Sun's  north  hemijjjjhere. 

Umbra  =  1-67*     =  26  06"  =  12,100  miles. 

Penumbra  =  3-493«  =  55-76"  =  25,500     " 

Projecting  tongue  in  Umbra  =  0'-415'  =     6-33"  =     3,100     " 

Spectroscopic  : — Group  of  bright  prominences  seen  at  from  P.  A. 
50°  to  88°  =  38°  of  the  Sun's  limb  =  say  ^  of  circumference,  4  prin- 
cipal forms  and  several  smaller.  The  largest  was  arborescent,  another 
pillar-like,  and  one  a  pointed  llame.  Heights  20,000  to  28,000.  The 
lines  of  H  and  D^  were  very  bright. 

Mr.  Arthur  Harvey  read  the  following  notes  on 

THE    BEHAVIOUR    OF    MINERALS    AT    VERY    HIGH    TEMPERATURES. 

Profiting  by  the  kindness  of  the  owners  of  a  Barton  electrical  furnace 
here,  I  hav^e  made  a  few  experiments  which  bear  on  the  effect  of  the 
-application  of  intense  heat  to  the  surface  of  specimens  of  minerals 
resembling  in  some  respects  the  raateiials  of  whicli  aerolites  consist. 
Some  of  these  bodies,  as  you  are  aware,  are  almost  altogetlier  composed 
of  nickeliferous  iron,  others  have  small  particles  of  such  iron  dissemi- 
nated through  olivine,  augite  and   the  like,  thirty  to  forty  per  cent,  of 
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their  mass  being  silica,  a  fourth  as  much  alumina  and  a  little  magnesia. 
I  took  among  others  a  specimen  of  quartz  (silica)  with  small  crystals  of 
iron  pyrites  thickly  scattered  through  it,  about  half  the  mass  being 
quartz  and  half  pyrites. 

The  principle  of  this  furnace  is  that  the  electrical  impulse  proceeds 
through  water  to  the  negative  pole,  and  an  arc  is  formed  whei-e  the 
mineral  at  this  negative  pole  is  brought  to  the  surface  of  the  water. 
Between  the  water  and  the  mineral  there  is  consequently  an  intensely 
heated  layer  of  vapor  of  water,  or,  perhaps,  of  the  electrolysed  gases 
which  are  its  constituents.  In  other  words,  the  mineral  is  surrounded 
by  an  intensely  heated  gaseous  envelope,  which  in  a  flash  melts  its 
surface;  a  condition  which  somewhat  resembles  that  which  obtains 
when  a  meteorite  with  a  velocity  of  thirty  or  forty  miles  a  second 
dashes  into  the  tenuous  upper  air  and  incandesces  by  friction.  The 
mineral  immediately  sputters  oflT  glowing  particles,  and  one  understands 
how  trails  are  formed.  Pieces  crack  oflp  or  scale  away — the  brightness 
of  the  light  is  dazzling,  and  when  the  specimen,  after  a  few  seconds,  is 
withdrawn  from  the  influence  of  the  heat,  which  is,  perhaps,  6,000°  or 
7,000°  Fahr.,  the  crust  upon  the  surface  much  resembles  that  upon 
meteorites,  while,  where  crystals  of  quartz  have  split  ofi",  there  are 
pittings  which  are  like  those  invariably  seen  on  aerolites.  There  is  also 
an  appearance  something  like  what  is  called  the  flow,  though  as  the 
rush  through  the  air  cannot  be  reproduced  in  the  experiment,  the  simi- 
larity may  be  merely  accidental.  The  experiment  is  highly  interesting 
and  is  instructive.  The  constituents  of  meteorites  diflfer,  and  the  differ- 
ence in  their  visible  colour  doubtless  results  from  this  fact.  The  colours 
shown  under  the  electric  heat  vary  very  strikingly  as  one  selects  speci- 
mens with  quartz  or  with  spar,  also  with  various  metallic  constituents. 

Ml'.  Lindsay  announced  that  he  had  been  in  communication  with 
Mr.  T.  S.  H.  Shearmen,  of  Brantford,  a  corresponding  member  of  the 
Society,  with  reference  to  the  work  of  the  latter  in  telescope  construction 
and  had  received  from  Mr.  Shearmen  some  notes  on 

THE    OBLIQUE    CASSEGRAIN 

which  were  then  read,  as  follows  : — 

The  recent  publication  in  the  Monthly  Notices  of  the  R.  A.  S.,  Janu- 
ary, 1895,  of  a  paper  by  Dr.  A.  A.  Common,  entitled  "Preliminary 
note  on  a  modified  (oblique)  form  of  Cassegrain  telescope,"  has  caused  me 
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to  look  up  some  of  my  own  experiments  in  this  direction,  made  so  long 
ago  as  1878.  I  convinced  myself  by  certain  experiments  that  an  oblique 
Cassegi-ain  was  possible  by  properly  adjusting  and  proportioning  the 
mirrors.  I  also  saw  the  advantages  to  be  gained  by  using  a  Cassegrain 
reflector  with  the  convex  mirror  so  placed  as  not  to  obstruct  the  incident 
rays,  by  having  mirrors  tilted.  Being  convinced  that  it  could  be  done, 
I  wrote  to  Prof.  Newcomb  to  know  whether  the  plan  was  in  actual  use 
or  not.      He  replied  as  follows  : — 

Washington,  D.Q.,  August  19,  1878. 
Dear  Sir, 

Your  plan  for  mouutiug  reflecting  telescopes  is  entirely  inadmissible  for  the 
reason  that  an  accurate  image  cannot  be  formed  when  the  reflected  rays  are  thrown 
so  far  to  one  side.  The  Herschel  form  of  reflector  is  now  entirely  disused,  owing 
to  the  impossibility  of  obtaining  a  good  image  by  that  method. 

Yours  respectfully, 

S.  Newcomb. 

As  my  experiments  had  led  me  to  expect  at  least  a  partial  success, 
I  tried  the  plan  ;  and,  after  various  trials  found,  as  Dr.  Common  has 
recently  done,  that  the  astigmatism  of  the  image  from  the  concave 
mirror  can,  at  certain  angles,  be  almo.st  eliminated  by  the  opposite  astig- 
matism of  the  small  convex.  I  have  not  retained  the  sizes  of  the 
mirrors,  but  they  would  very  closely  approach  the  proportions  given  by 
Dr.  Common,  who  tinds  good  results  to  follow  the  use  of  a  focal  length 
of  large  mirror  10,  aperture  being  1,  with  radius  of  curvature  of  small 
convex  three-fourths  that  of  the  concave  and  distance  from  the  large 
mirror  two-thirds  of  focal  length.  The  angle  between  the  first  central 
incident  and  reflected  ray  is  5°30',  between  the  second  12°30'.  Dr.  Com- 
mon's five-foot  mirror  thus  fitted  up  gave  fairly  good  definition  of  the 
Moon,  but  the  stars  showed  trails.  With  the  aperture  reduced  to  thirty 
inches,  however,  the  stai's  seemed  round  with  low  powers,  but  not  quite 
so  with  a  power  of  1100.  The  Moon  was  very  well  defined  and  Jupiter 
■was  well  seen  in  a  quite  dark  field.  With  a  speculum  of  one  foot 
diameter  and  focus  equivalent  to  eighty  feet,  he  obtained  very  beautiful 
photographs  of  the  Moon  in  two  seconds. 

Both  the  data  regarding  the  proportions  of  the  combinations  and 
my  original  copy  of  the  letter  to  Prof.  Newcomb  have  been  lost ;  but 
through  the  kindness  of  the  distinguished  Superintendent  of  the 
American  Nautical  Almanac  I  am  enabled  to  reproduce  my  letter  of 
1878.     I  give  it  here  not  simply  to  assert  a  claim  to  the  invention  (an 
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altogether  hopeless  and  useless  task  in  this  age  !)  bnt   to  show  how  an 
invention  can  be  hid  away  and  apparently  lost. 

[copy.] 
Belleville,  Ontario,  Canada,  August  12th,  1878. 
Prof.  S.  Newcomb  : 

Dear  Sir,— A  plan  for  using  the  reflecting  telescope  has  just  occurred  to  me,, 
that  I  cannot  find  described  in  what  M'orks  on  optics  I  have.     It  is  this — 


e,  is  the  speculum,  f.  the  rays  proceeding  from  the  object.  Instead  of  making  a 
hole  in  the  large  reflector  (e. )  and  viewing  the  small  speculum  through  it,  as  in  the 
Cassegrain  or  CTregorian  construction,  I  propose  to  gi%'e  the  large  reflector  a  slight 
inclination,  and  send  the  image  to  c,  whence  they  are  sent  back  to  the  side  of  the 
reflector  at  d. 

The  advantage  of  this  construction  over  the  Cassegrain  or  Gregorian,  I  con- 
ceive, lies  in  the  large  reflector  having  no  hole  in  it,  as  that  robs  the  reflector  of 
the  most  important  rays.  Hoping  not  to  be  too  intrusive  on  your  valuable  time,  I 
would  very  well  like  to  know  whether  the  plan  is  in  use  or  not. 

Very  respectfully, 

Thomas  S.  H.  Shearmen. 

Prof.   Newcomb,  in  sending  the  above  copy  of  my  letter,  writes  as 
follows  : — 

Nautical  Almanac  Office,  Naval  Observatory, 

Georgetown  Heights,  D.C,  April  5th,  1895. 

Dear  Sir,—  In  reply  to  yours  of  the  2nd  inst.,  I  enclose  a  certified  copy  of  a 

letter  received  from  you  in  August,  1878,  which  is  on  file  in  this  ofiice.     ♦     *     ♦ 

I  note  that  the  letter  of  1878  said  nothing  about  the  really  difficult  point  of  the 

new  construction,  which  is  to  so  adju-st  and  fix  the  second  reflector  as  to  correct 

the  distortion  produced  by  the  obliquity  of  the  rays  from  the  first  one. 

Yours  very  respectfully, 

S.  Newcomb. 

With  reference  to  Prof.  Newcomb's  remark  that  my  letter  of  1878 
did  not  call  attention  to  the  adjustment  of  the  second  reflector  T 
would  say  (what  I  have  already  mentioned)  that  that  letter  was  written 
simply  to  find  out  whether  the  oblique  plan  was  in  use  or  not.  The 
adjustments  of  the  mirrors  were  enteied  into  after  that  letter  was  writ- 
ten.    That  there  was  anything  new  in  thus  adjusting  the  mirrors  did  not 
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occur  to  me  at  that  time,  as  a  remark  in  that  once  popular  work  The 
Practical  Astronomer  of  Dr.  Thomas  Dick  had  led  me  to  believe  that  the 
principle  of  thus  eliminating  astigmatism  was  not  new.  In  that  woi-k  I 
found  a  reference  to  some  experiments  that  Dr.  Dick  had  made.  In  an 
account  of  the  fitting  up  of  a  Herschelian  of  short  focal  length,  he  says  : 
"  I  had  some  ground  for  expecting  success  in  this  attempt  from  several 
experiments  I  had  previously  made,  particularly  from  some  modifica- 
tions made  in  the  construction  of  astronomical  eyepieces,  ivhich  have  a 
leyidency  to  correct  the  aberrations  of  the  rays  of  light  ivhen  tliejj  jrroceed 
som,ewhat  ohliquely  from  a  lens  or  specrthim."     The  italics  are  mine. 

He  further  says  :  "  The  principal  nicety  in  the  construction  of  this 
instrument  (the  short-focus  Herscheliaii)  consists  in  the  adjustment  and 
proper  direction  of  the  eye  tube.  Thei-e  is  only  one  i)Osition  in  which 
vision  will  be  perfectly  distinct.  *  *  *  This  position  must  be  ulti- 
mately determined  by  experiment  when  viewing  terrestrial  object-s.  A 
person  unacquainted  with  this  construction  of  the  telescope  would,  per- 
haps, tind  it  difficult,  in  the  first  instance,  to  make  this  adjustment  ;  but 
were  it  at  any  time  deranged,  through  accident  or  otherwise,  I  can  easily 
make  the  adjustment  anew  in  the  course  of  a  minute  or  two." 

I  presume  it  is  not  necessary  to  offer  excuses  for  referring  to  the 
now  almost  forgotten  work  of  Dr.  Dick.  This  is  the  work  that  helped 
to  shape  Prof.  Barnard's  career  in  life  ;  and  has  not  Dr.  Common  (in 
The  Observatory,  November,  1888),  said  that  Dr.  Dick's  "  charming 
works  are  not  held  in  such  repute  as  they  deserve,  or,  at  any  rate,  do 
not  seem  to  be  read  as  they  ought  to  be?"  But  I  am  digressing,  n-<  I 
merely  wished  to  explain  that  experiment  having  shown  me  that  a  cer- 
tain construction  of  the  reflector  was  possible,  I  followed  the  precept  of 
Dr.  Dick  to  ''  ultimately  determine  by  experiment  "  the  adjustment  of 
the  construction. 

Perhaps  one  reason  why  this  construction  did  not  then  receive  general 
consideration  was  that  the  time  had  not  come  for  the  employment  of 
such  large  images  in  photography  as  the  recent  improvements  in  plates 
and  processes  have  rendered  ])ossible. 

In  conclusion,  I  trust  that  these  remarks  and  explanations  will  be 
viewed  in  a  proper  light  and  received  in  the  spirit  in  which  they  are 
made. 

Addendum: — The  publication  of  Dr.  Common's  paper  has  been 
instrumental  in  bringing  out  considerable  information  regarding  oblique 
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reflecboi'S.  Since  writing  the  preceding  note  attention  has  been  called 
to  the  fact  tliat  sucli  instruments  were  constructed  many  years  ago  in 
(rermany  and  elsewhei'e  ;  and  in  a  letter  to  the  English  Mechanic.  Prof. 
W.  R.  Brooks,  of  Geneva,  N.  Y.,  describes  a  reflector  on  this  plan  which 
he  devised  in  1884. 

Such  information   had   not  leached   this  country,  however,  when  my 
■experiments  were  made  in  1  878. 


NINTH  MEETING. 

May  14th  ;  Mr.  A.  Elvius  in  the  chair. 

An  abstract  of  the  Society's  work  in  1894,  to  be  presented  to  the 
Royal  Society  of  Canada,  was  read  by  JNIr.  G.  E.  Lumsden  and  adopte<l. 
A  short  report  from  the  earth-current  committee  was  read  by  Mr.  Lind- 
say, who  stated  that  Mr.  R.  F.  Stupart,  Director  of  the  Toronto  Mag- 
netic Observatory,  was  still  engaged  in  comparing  the  records  from 
Oanso  with  his  own  observations  at  Toronto.  Mr.  S.  S.  Dickenson, 
Superintendent  of  the  Commercial  Cable  Company's  station,  had  been 
requested  to  send  the  siphon  record  of  the  earth-currents  and  had  replied 
as  follows  : — 

"  I  am  delighted  that  the  earth-current  readings  are  proving  of  ser- 
vice to  you  and  shall  be  glad  to  receive  a  copy  of  the  paper  thereon,  as 
soon  as  published.  When  earth-currents  become  so  strong  as  to  prevent 
our  working  we  put  the  cables  direct  to  ground  so  as  to  guard  against 
damage  to  our  apparatus.  I  have  known  extremely  strong  earth-currents 
to  fuse  the  signal  coil  and  break  down  the  insulation  of  condensers 
employed  in  cable  working.  I  shall,  however,  comply  with  your  request 
for  the  siphon  record  whenever  it  is  practicable." 

The  chairman  called  attention  to  the  great  fall  in  temperatui-e 
between  May  12th  and  14th,  and  noted  that  on  this  occasion  the  theory 
had  been  borne  out,  that  there  is  such  a  fall  generally  in  Europe  and 
America  on  the  dates  named.  Occasional  references  had  been  made  by 
Dr.  E.  A.  Meredith  to  this  theory  and  also  by  the  Chief  of  the  Weather 
Bureau  at  Washington. 

Some  extracts  from  notes  by  Dr.  J.  C.  Donaldson  were  read  upon 
observations  of  a 
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DARK    SPOT    ON    JUPITER. 

May  6th  : — When  looking  at  Jupiter  on  the  evening  of  the  4th  instant 
with  power  130,  I  thought  I  saw  a  dark  spot  on  the  lowest,  i.e.,  northern 
belt  of  the  planet,  but  strange  to  say  I  could  not  see  this  spot  with  any 
of  my  other  eyepieces,  and  suspect  it  may  have  been  an  ocular  illusion ; 
but,  on  the  other  hand,  the  spot  seemed,  when  I  looked  with  the  130  eye- 
piece, to  change  its  position  to  correspond  a[)parently  with  the  revolution 
of  the  planet  on  its  axis.  On  the  whole,  I  am  a  little  puzzled  about  it, 
and  am  i-ather  inclined  yet  to  the  oculai-  illusion  theory,  but  I  would 
like  to  know  if  any  of  the  other  members  of  the  Society  happened  to  be 
looking  at  Jupiter  on  the  evening  in  question. 

May  10th  : — In  my  letter  of  the  6th  instant  I  mentioned  having  seen, 
or  suspected  seeing,  a  dark  spot  on  one  of  Jupiter's  belts  on  evening  of 
4th  instant,  using  the  130  eyepiece,  but  thought  it  might  have  been  an 
ocular  illusion.  Last  evening  (the  9th  instant)  about  7.35  E.  S.  T.,  I 
took  out  my  glass  again  to  have  another  look  at  Jupiter's  moons,  when 
with  the  same  power  130  I  saw  a  black  spot  nearly  central  on  each  of 
the  two  largest  belts  of  the  planet,  which  might  easily  have  been  mistaken 
for  shadows  of  satellites  in  transit ;  but,  of  coui'se,  no  shadows  of  satellites 
were  then  in  transit  ;  satellites  I.,  II.  and  III.  being  not  far  distant 
from  one  anothei',  and  a  considerable  distance  to  the  east,  while  satellite 
IV.  was  far  to  the  west  of  its  j)rimary.  I  tried  another  eyepiece  (170) 
and  the  two  spots  were  still  visible  on  the  Iielts  of  the  planet,  Iiut  to 
make  assurance  doubly  sure,  I  replaced  the  130  eyepiece  and  another 
person  M'ho  was  present  had  a  look  at  the  belts  and  coufirraed  my  obser- 
vation in  all  respects.  No  doubt  these  spots  have  been  seen  by  others 
but  it  may  be  well  to  remember  that  they  will  again  be  central  on 
Jupiter  in  the  early  evening  of  the  14th  instant,  being  an  interval  of 
five  days,  or  about  twelve  revolutions  of  the  planet. 

Other  reports  of  observations  were  received  from  Mr.  J.  G.  Ridout 
and  Mr.  O.  G.  Pursey.  Referring  to  solar  phenomena,  the  latter  stated 
his  belief  that  the  facul^e  were  more  directly  connected  with  terrestrial 
magnetism  than  were  the  spots.  He  described  the  method  in  use  at  the 
Toronto  Observatory,  by  Mr.  F.  L.  Blake,  to  sketch  the  appearance  of 
the  Sun's  disc  daily. 

Mr.  George  E.  Lumsden  then  addressed  the  meeting  on  the  proposed 
visit  of  the  British  Association   for  the    Advancement   of   Science.      A 
resolution  had  been  introduced  in  the  Provincial  Parliament  to  contribute 
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a  certain  sum  towards  tbe  expenses  of  the  Association,  provided  that 
the  meeting  of  1897  should  be  hekl  in  Toronto,  and  this  had  been  sup- 
ported in  a  most  hearty  and  public  spirited  manner.  As  there  was 
every  probability  that  the  invitation  to  visit  Toronto  would  be  accepted, 
it  would  be  wise  to  spread  as  widely  as  possible  a  knowledge  of  what 
the  Association  had  done,  and  to  so  arouse  public  sentiment  that  a 
hearty  reception  would  be  accorded. 

The  resolution  had  been  moved  by  the  Honourary  President  of  the 
Society,  Hon.  CI.  W.  Ross,  LL.D.,  Minister  of  Education,  and  who  had 
acceded  to  the  request  of  the  Society  that  the  text  of  his  address  to  the 
Legislature  be  read  to  the  meeting  and  published  in  the  Transactions  for 
the  current  year. 

Mr.  Lumsden  then  read  : — 

ADDRESS  BY  THE  HON.    G.    W.    ROSS,    LL.D.,    ON    THE    VISIT    OF    THE    BRITISH 

ASSOCIATION. 

The  British  Association  for  the  Advancement  of  Science  is  one  of 
the  oldest  and  most  influential  of  all  the  associations  of  a  similar  nature 
in  the  British  Empire,  if  not  in  tlie  world.  It  has  numbered  among  its 
Presidents  the  most  eminent  men  in  literature  and  in  art  and  science 
which  the  British  lace  has  produced.  Its  sessions  have  been  presided 
over  by  men  of  royal  blood,  by  Premiei-s  of  the  British  House  of  Com- 
mons, and  by  philosophers  none  the  less  noble  although  less  favoured  by 
the  accident  of  birth  and  opportunity. 

In  1884  this  association  held  its  meeting  in  Montreal,  under  the  Pre- 
sidency of  Lord  Rayleigh,  whose  address  on  the  uses  of  electricity  for 
motive  purposes  was  regarded  as  one  of  the  most  suggestive  pajDers  ever 
submitted  to  the  association.  Sir  William  Thompson,  now  Lord  Kelvin , 
delivered  a  very  jiowerful  address  on  the  relation  of  chemistry  to  com- 
merce and  the  industrial  arts  ;  and  he  was  ably  supported  in  the  views 
which  he  presented  by  Sir  Henry  Roscoe,  who,  as  a  writer  of  text-books 
on  this  subject,  is  well  known  in  Canada.  Sir  Lyon  Play  fair,  a  very 
warm  patron  of  technical  education,  as  well  as  a  leader  in  the  politics  of 
England,  was  also  present.  The  geological  section  was  represented  by 
Sir  William  Dawson  and  by  Sterry  Hunt,  both  Canadians  of  great  dis- 
tinction ;  the  ethnological  section  by  Sir  Daniel  Wilson,  whose  connection 
with  the  University  of  Toronto  will  not  be  soon  forgotten  by  the  people 
of  Canada.     The  geographical  discoveries  of  the  day  were  discussed  by 
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Sir  J.  H.  Lefroy  ;  mechanical  science  by  Sir  F.  J.  Bramwell  ;  agricul- 
tural chemistry  by  Sir  J.  B.  Lawes  and  Dr.  Gilbert.  Several  dis- 
tinguished Americans  also  assisted  in  giving  interest  to  the  proceedings 
by  reading  important  papers  connected  with  American  institutions. 
The  mere  mention  of  such  distinguished  gentlemen  as  I  have  named 
would  give  character  to  the  association,  no  matter  what  were  its  scope 
and  purpose.  When  1  say,  however,  that  it  extends  its  investigations  to 
every  department  of  science,  and  when  I  say  that  its  aim  is  to  be  prac- 
tical and  instructive,  to  teach  lessons  in  political  econom}'  which  touch 
the  masses,  in  sanitary  matters  which  improve  the  public  health,  in 
physics  which  are  calculated  to  lighten  the  labour  of  the  working  classes, 
in  the  higher  de))artments  of  science,  such  as  astronomy  and  biology, 
which  elevate  the  taste  and  widen  our  knowledge  of  the  mysteries  of 
nature,  I  have  said  all  that  is  necessary  to  commend  to  this  House  the 
object  of  my  resolution  from  a  scientific  point  of  view. 

There  ai-e  tw^o  or  three  other  considerations,  however,  which  should 
not  be  lost  sight  of. 

(1)  A  meeting  of  so  many  distinguished  men,  closely  identified  with 
the  best  thought  of  Great  Britain,  would  undoubtedly  quicken  in  many 
Canadians  that  spirit  of  scientific  research  which  has  done  so  much  for 
the  advancement  of  civilization  the  world  over  during  the  century.  To 
many  the  nineteenth  century  is  regarded  as  chiefly  a  century  of  inven- 
tion. To  a  certain  extent  this  is  true,  but  with  equal  truth  it  may  be 
said  to  be  paiticularly  a  century  of  scientific  inquiry  and  research.  No 
other  century  has  given  us  so  much  profound  philosophy ;  no  other 
century  has  applied  the  scientific  spirit  so  extensively  or  so  fully  to  evei  y 
department  of  activit\^  This  is  the  case  with  every  question  to  which 
the  human  mind  has  applied  its  powers.  The  scientific  spirit  in 
theology  lias  given  us  the  higher  criticism  ;  in  literature  it  has  given  us 
a  new  inspii'ation  ;  in  philosophy  it  has  given  us  the  theory  of  evolution  ; 
in  physics  it  has  given  us  electricity  in  its  application  to  light,  heat  and 
power.  The  diffusion  of  this  spirit  among  the  people  of  Canada  would 
certainly  be  an  epoch  in  our  history,  and  would  quicken  and  inspire 
many  of  our  people  to  pursue  those  lines  of  research  which  have  been 
such  a  powerful  stimulus  to  the  educational  forces  of  the  world,  and 
from  which  such  extraordinarv  results  have  followed. 
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THE    BONDS    OF    EMPIRE. 

(2)  Such  a  meeting  would,  in  my  own  opinion,  strengthen  the  bonds 
of  empire.  My  honourable  friend  from  South  Toronto,  Mr.  Howland,  has 
contributed  to  the  literature  of  this  subject  a  very  ^valuable  volume 
which  no  one  can  read  without  having  a  wider  conception  of  his  duties 
as  a  British  subject.  To  come  in  contact  with  those  .vho  live  at  the 
.seat  of  empire,  and  who  are  responsible  in  many  respects  for  the  evolu- 
tion of  those  forces  which  in  more  than  a  scientific  sense  prevent  its 
decay,  would  give  to  the  people  of  Canada  a  highei-  conception  of  the 
power  of  that  empire  and  of  the  relations  which  exi.st  between  its  central 
vital  forces  and  the  extremities.  As  a  part  of  that  empire  the  Dominion 
of  Canada  holds  no  unimportant  position,  and  if  we  are  indebted  to  the 
strength  of  the  Imperial  arm  for  the  security  of  our  in.stitutious  we  might 
very  well  reciprocate  that  obligation  by  receiving  as  fellow-subjects,  with 
a  generous  hospitality,  those  men  who  are  in  a  position  to  influence  the 
public  opinion  of  England  in  favour  of  more  extended  privileges  should  we 
require  them  and  greater  protection  should  the  necessity  arise.  To  be 
geographically  a  portion  of  the  British  Empire  is  not  the  ambition  of 
Canadians  alone.  The  savages  of  South  Africa  can  occupy  that  position. 
It  is  our  duty  to  be  British  subjects,  with  all  the  sympathies  which  con- 
stitute a  loyal  attachment  to  the  institutions  under  which  we  prosper, 
and  to  that  end  we  should  ally  ourselves  to  every  force  which  contributes 
to  the  development  of  an  empire  in  which  intelligence  and  morality 
would  dominate  all  other  forces. 

(3)  A  meeting  such  as  is  proposed  would  widen  the  mental  horizon 
of  our  people.  The  great  cianger  of  colonists  everywhere  is  to  become 
parochial.  The  necessary  concentration  of  energy  imposed  upon  us  by  the 
struggle  for  existence  has  naturally  prevented  us  from  observing  as  fully 
as  we  might  the  great  scientific  movements  of  the  day.  It  may  not  be 
our  fault  that  we  occupy  our  time  with  matters  of  business  and  with 
details  of  government  which  necessarily  have  this  narrowing  effect,  but 
we  certainly  would  be  to  blame  if  we  neglected  any  reasonable  opportunity 
by  which  such  tendencies  could  be  corrected.  A  meeting  of  the  British 
association  will  give  us  such  an  opportunity,  and  will  no  doubt  lift  us  to 
a  higher  altitude,  where,  in  the  clearer  atmosphere  of  scientific  thought, 
we  may  be  able  to  unite  our  feelings  and  our  sympathies  with  the  thought 
of  others  who  are  recognized  leaders  in  their  respective  departments. 

(4)  An  advantage  of  meeting  the  living  exponents  of  the  best  scien- 
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tific  thought  of  the  world  should  not  be  underrated.  Naturally  a  great 
deal  of  interest  attaches  to  the  person  and  habits  of  every  man  who  has 
made  a  name  for  himself  in  any  department  of  activity.  Many  of  us 
would  give  much  to  see  such  an  exponent  of  educational  opinion  as  8ir 
Lyon  Playfair,  otliers  such  a  President  of  the  association  as  Lord  Salis- 
bury. To  know  these  men=personally  is  to  take  a  special  interest  in  the 
work  in  which  they  are  engaged.  Every  article  they  may  write  in  a 
magazine  or  every  discovery  they  may  make  would  have  thereafter  a 
personal  interest  to  us.  The  influence  of  their  addresses  would  reach 
through  the  press  the  remotest  hamlet  and  school  house  in  the  country, 
and  thereafter  every  Canadian  who  is  of  a  stientitic  turn  of  mind  would 
work  in  his  department  with  greater  enthusiasm  because  of  having 
worked  side  by  side  with  a  master  spirit  at  the  British  Association  in  a 
similar  department  of  thought. 

T  commend,  therefore,  to  the  House  this  resolution  because  of  the 
national  purpose  it  will  serve,  of  the  stimulus  it  will  give  to  scientific 
inquiry  and  of  the  breadth  and  freedom  of  investigation  which  it  will 
necessarily  assist  in  developing  among  the  people  of  Canada. 

The  resolution  was  supported  by  Mr.  Howland,  who,  in  a  few  well- 
chosen  words,  bore  his  testimony  to  the  work  of  the  British  Association 
and  of  the  eminent  men  enrolled  among  its  membership.  Mr.  Haycock, 
on  behalf  of  the  Patrons,  approved  heartily  of  the  resolution  moved  by 
the  Minister  of  Education. 


TENTH  MEETING. 

May  28th  ;  Mr.  A.  F.  Miller  occupied  the  chair. 

A  cordial  letter  was  read  from  Prof.  J.  McK.  Cattell,  editor  of 
Science,  who  had  published  in  the  columns  of  that  journal,  issue  of  May 
24th,  a  sketch  of  the  origin  and  piogress  of  the  Astronomical  and 
Physical  Society  of  Toronto,  in  the  hope  that  it  would  be  of  interest  to 
men  of  science  generally  throtighout  America  and  possibly  influence 
others  to  form  similar  societies  in  other  places.  The  thanks  of  the 
Society  were  due  to  Prof.  Cattell  tor  the  very  liberal  space  given  to  the 
sketch  referred  to. 

The  Secretai  V  was  directed  to  forward  a  set  of  the  Societv's   Trans- 
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actions  to  Columbia  College,  New  York,  a  request  for  the  volumes 
having  been  received  from  the  librarian  of  that  institution. 

Communications  were  read  from  Rev.  W.  G.  Hanna,  of  Uxbridge, 
in  reference  to  the  prospects  for  forming  a  branch  society  in  that  town, 
and  from  Dr.  Sandford  Fleming,  C.M.G.,  with  regard  to  the  woik  of 
the  Comuiittee  on  the  Unification  of  Time. 

Miss  A.  A.  Gray  reported  having  spent  an  evening  at  the  telescope 
with  the  pupils  of  Wellesley  School,  who  were  much  interested  in 
observations  of  Jupiter  and  Saturn.  With  the  assistance  of  another 
member,  she  had  arranged  to  give  the  senior  classes  of  the  public  schools 
as  many  opportunities  as  possible  to  engage  in  practical  telescopic  work. 
The  general  interest  taken  and  the  order  that  prevailed  during  the 
observations  had  been  very  encouraging.  Several  members  repeated 
their  desire  to  assist  Miss  Gray  in  this  work,  which  was  directly  in  line 
with  the  Society's  objects. 

Mr.  C.  P.  Sparling  read  some  extracts  from  an  article  in  the  Belle- 
ville San,  co[)ied  from  some  American  soarce  and  dealing  most  extrava- 
gantly with  theories  recently  announced  concerning  Mars.  The  object 
in  reading  was  to  show  how  much  is  to  be  done  in  order  to  disabuse  the 
lay  mind  of  certain  ideas  regarding  the  power  of  the  telescope  and  the 
work  of  astronomers.  When  articles  like  the  one  in  question  were 
published  without  note  or  comment  by  reputable  journals,  many  readers 
would  be  quite  likely  to  acquire  ideas  regarding  astronomy  so  utterly 
erroneous  that  the  labours  of  others  striving  to  make  popular  the 
beauties  of  the  sublime  science  might  be  well  nigh  fruitless.* 

Mr.  A.  Elvins,  in  s| leaking  of  theories  regarding  Mars,  stated  that 
his  attention  had  been  directed  to  a  simple  phenomenon,  readily  observed 
any  d;iy  in  winter,  and  which  threw  as  much  light  upon  the  origin  of 
the  surfacti  markings  as  any  other  of  the  now  multitudinous  theories. 
During  the  recent  cold  spell  a  circular  vessel  containing  water  had  been 
exposed  to  the  night  air,  and  in  the  morning  ice  crystals  had  shot  from 
the  side.s,  some  towards  the  centre  and  some  as  chords,  forming  a  net- 
work ovei-  the  surface.  A  very  careful  drawing  of  the  resulting  appeai- 
ance  had  been  made,  and  laid  by  the  side  of  the  Lowell  drawings  of  the 


*  Rem  irks  ill  much  the  same  strain  were  subsequently  made  by  the  editor  of 
Popid  ir  A^troaiimy,  when  censuring  a  great  American  daily  for  publishing  the 
article  to  which  Mr.  SparUug  here  so  strongly  objected. 
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Martian  surface,  when  there  was  a  remarkable  similarity  observed  at 
once.  Mr.  Elvins  wished  it  understood  that  he  did  not  advance  any 
theory  regarding  the  planet's  surface  ;  the  drawing  was  presented  merely 
to  show  how  much  care  should  be  exercised  before  forming  any  decided 
opinions  on  Martian  phenomena. 

On  motion  of  Mr.  Arthur  Harvey,  seconded  by  Mr.  T.  Lindsay,  it 
was  resolved  to  reorganize  the  Opera-glass  section,  which  had  not  held 
meetings  for  some  time  past,  and  to  meet  for  active  work  on  alternate 
Tuesday  evenings  at  the  residence  of  the  Vice-President,  Mr.  John  A, 
Paterson,  23  Walmer  Road. 

This  was  carried  unanimously.  After  some  discussion  as  to  the 
best  manner  of  conducting  the  meetings,  it  was  suggested  by  Mr 
Harvey  that  no  director  be  formally  appointed,  but  that  the  member 
who  took  charge  on  one  evening  should  name  his  successor  for  the  next. 
This  was  agreed  to. 

Notes  of  observation  were  received  from  Mr.  J.  G.  Ridout  and 
Mr.  A.  Elvins.  The  latter  presented  a  drawing  of  a  sunspot  group 
which  had  just  passed  the  central  meridian  of  the  disc.  He  had  aLso 
examined  the  records  of  the  Toronto  Observatory  with  a  view  to  deter- 
mining whether  any  magnetic  disturbances  had  been  coincident  with  tlie 
recent  marked  fall  in  temperature.  The  curve  had  been  normal  ;  there 
was  in  this  case  nothing  to  indicate  a  connection  between  the  temper- 
ature curve  and  the  fluctuations  of  the  magnetic  needle.  In  view  of  the 
fact  that  all  conditions  should  be  studied  in  the  effort  to  i-each  the  basis 
-of  meteorological  science,  Mr.  Elvins  thought  this  worthy  of  record. 

The  Chairman  having  referred  to  the  recent  work  of  Prof.  J.  E. 
Keeler  at  Allegheny,  an  interesting  discussion  rose  regarding  the  signifi- 
cance of  the  result  reached  by  the  distinguished  observer  in  his  spectro- 
scopic study  of  Saturn's  ring.  It  had  been  demonstrated  experimentally 
that  the  inner  part  of  the  ring  revolves  more  rapidly  than  the  outer,  thus 
supporting  and  confirming  the  theory  announced  in  1859  by  Clerk-Max- 
well, that  the  rings  are  composed  of  solid  independent  bodies,  meteorites 
as  it  wei'e.  Mr.  Harvey  read  some  notes  from  a  popular  description  of 
Prof.  Keeler's  work  published  in  Science,  illustrating  by  diagrams  the 
method  employed.  The  classic  mathematical  analysis  of  the  great 
physicist  and  the  lefinenient  of  I'rof.  Keeler's  work  with  the  spectroscope 
would  be  ever  remembered  together. 

Mr.  J.  Phillips  announced  that  he  would  shortly  present  a  paper 
<lealing  with  the  bearing  of  these  results  on  the  nebular  hypothesis. 
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ELEVENTH  MEETING. 

June  11th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  in  the 
chair. 

The  members  generally  had  taken  advantage  of  the  very  favourable 
observing  weather,  and  several  reports  of  telescopic  work,  etc.,  were 
presented.  A  meeting  of  the  Opera-glass  section  had  been  held  at 
the  residence  of  the  Chairman,  chiefly  for  the  purpose  of  arranging 
details  of  the  work  which  it  was  intended  to  take  up.  In  addition  to 
small  telescopes  and  field-glasses,  which  were  to  be  employed  in  constel- 
lation study,  it  had  been  thought  advisable  to  make  use  of  the  Wilson 
telescope  whenever  practicable.  Mr.  Paterson  stated  that  Messrs.  J. 
&  Z.  Collins  had  recently  repolislied  the  metallic  mirror  and  adjusted  a 
new  flat  of  silver-on-glass.  The  pei'formance  of  the  instrument  was  now 
all  that  could  be  desired. 

Mr.  A.  Elvins  presented  a  drawing  of  A^enus  taken  at  his  thi'ee-inch 
telescope,  showing  a  very  bright  patch  at  the  northern  pole,  which  he 
thought  might  possibly  be  a  snow-cap.  In  observing  he  had  used  the 
full  aperture  of  the  objective,  with  a  power  of  300.  The  glare  around 
the  planet  was  found  thus  to  be  entirely  removed,  while  the  quality  of 
the  objective  permitted  very  excellent  definition. 

Mr.  J.  Van  Sommer  reported  having  seen  a  very  brilliant  orange- 
coloured  meteor  falling  in  a  direct  line  from  Ursa  Major  to  the  horizon 
at  about  10  p.m.  on  June  3rd.  After  breaking,  the  several  portions 
appeared  to  become  incandescent  as  they  passed  from  the  point  of 
explosion. 

Mr.  J.  R.  Collins  described  an  auroral  cloud  seen  on  the  evening  of 
June  1st  in  the  north-western  heavens,  in  the  form  of  an  inverted  arc. 
He  believed  this  appeai-ance  to  be  very  rare. 

Home  notes  were  received  from  Dr.  J.  C.  Donaldson,  in  connection 
with  observations  of  the  satellites  of  Saturn.  He  thought  that  a  member 
who  had  reported  having  seen  five  of  the  moons  in  a  three-inch  telescope 
must  have  mistaken  some  small  stars  in  the  neighbourhood  of  Saturn 
for  members  of  the  system.  He  quoted  Prof.  Pickering,  who  gave  the 
stellar  magnitude  of  Khea,  the  second  in  order  of  brightness,  as  108  ; 
this  object  Dr.  Donaldson  found  more  difficult  than  the  well-known  test 
for  small  apertures,  the  companion  to  Polaris.  Eeferring  to  the  above, 
Mr.  J.  G.  Eidout  stated  that  it  was  not  unusual  to  see  two  others  be.sides 
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Rhea  and  Titan  (the  hitter  the  brightest  of  all  and  au  easy  oltject),  in  a 
good  three-inch.  He  called  attention  also  to  tli6  fact  that  the  lour  next 
to  Titan  were  all  discovered  by  Cassini  in  the  17th  century,  before  the 
invention  of  the  achromatic  telescope  which  we  have  now. 

Mr.  Geo.  E.  Lumsden  then  addressed  the  meeting  with  reference  to 
the  advisability  of  forming  a  section  of  the  Society  for  the  special  study 
of  the  Moon.  He  had  prejjared  a  large  outline  map  of  the  lunar  surface, 
and  described  the  several  interesting  objects  which  appear  day  after  day 
as  the  Moon's  age  progresses;  many  of  these  might  be  studied  advan- 
tageously with  telescopes  of  moderate  power  only.  The  work  of  a  Lunar 
section  such  as  might  be  formed  without  impairing  in  any  way  the  work 
of  the  Society  as  a  whole,  was  briefly  outlined;  this*  would  con--ist  of 
systematic  observations  whenever  practicable,  throughout  each  lunation  ; 
the  becoming  better  acquainted  with  the  special  features  of  the  surface, 
the  nomenclature  in  common  use,  and  careful  searching  for  small  details 
which  have  not  yet  been  generally  noted.  The  work  of  the  section 
might  aLso  include  photographing  the  31oon  and  making  drawings  of 
special  features. 

Dr.  J.  J.  Wadsworth.  of  Simcoe,  who  was  present,  called  special 
attention  to  the  extreme  beauty  of  the  telescopic  a[)pearance  of  the 
jNEoon.  We  speak  of  the  grandeur  of  terrestrial  scenery,  where  nature 
has  been  lavish  of  her  gifts,  but  the  eye  can  be  impressed  with  onlv  a 
very  small  part  of  the  Earth's  surface  at  once  ;  we  direct  the  tele.scope 
to  the  surface  of  our  satellite,  and  the  view  is  incomparably  grander, 
presenting  on  what  is  really  a  vast  scale  compared  with  the  limit  of 
vision  on  the  Earth,  mountain  and  valle}',  great  plains  and  ocean  floors, 
rifts,  craters,  and  immense  boulders,  on  a  world  which  has  done  its  work, 
and  hangs  now  in  space,  inviting  study  regarding  its  origin  and  true 
history. 

The  discussion  becoming  general,  many  intere.sting  points  were 
brought  to  notice.  A  drawing  of  the  full  Moon,  made  some  years  ago 
by  the  late  Mr.  S.  E.  Roberts,  of  Mimico,  was  shown,  and  much  admired, 
Mr.  Elvins  wished  observers  to  note  one  peculiarity  of  the  lunar  surface 
which  was  to  him  very  suggestive.  Adjoining  the  maria  are  frequently 
found  circular  plains,  which  in  many  places  have  the  mountains  sui- 
rounding  them  apparently  broken  down  ;  and  where  this  break  is  seen 
at  all,  it  is  always  on  the  side  next  the  mare. 
7 
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It  was  finally  decided  to  meet  on  tlie  following  Tuesday  at  23 
Walmer  Eoad,  when  details  regardintf  the  forming  of  a  section  would 
be  discussed. 


TWELFTH   MEETING. 

June  25th;  Dr.  Lariatt  W.  Smith,  Q.  C,  President,  in  the  chair. 

After  the  reading  of  copies  of  correspondence  in  connection  with  the 
work  of  the  Coraniittoe  on  Time-Reckoning,  Mr.  R.  F.  Stnpart,  Director 
of  the  Toronto  Observatory,  was  elected  a  member  of  that  Committee, 
taking  the  seat  rendered  vacant  by  the  decease  of  Mr.  Chas.  Carpmael. 

Reference  was  made  to  the  loss  which  the  scientific  world  had  sus- 
tained by  the  death  of  Prof.  Daniel  Kirkwood,  LL.D.,  of  Riverside, 
Califoi'nia.  The  distinguished  astronomer  had  been  one  of  the  first  to 
render  assistance  to  the  Society  immediately  after  incorporation  in  1890, 
and  had  honoured  it  by  accepting  hoiiourary  membership.  Mr.  A. 
Elvins  paid  a  high  tribute  to  the  deceased,  with  whom  he  had  had  the 
pleasure  of  corresponding  for  many  years.  Dr.  Kirkwood's  researches 
on  the  suVyect  of  planetary  rotation  and  on  the  orbits  of  the  asteroids 
were  must  valuable,  so  much  so  that  he  had  been  referred  to  by  his  con- 
temporaries as  "the  Kepler  of  tlie  19th  century." 

The  Committee  appointed  to  as.sist  the  Librarian  in  the  rearranging 
of  the  Library,  announced  the  completion  of  the  work,  and  presented  a 
repoi-t  in  detail,  which  was  adopted,  the  thanks  of  the  Society  being 
tendeied  to  the  members  who  had  been  engaged. 

Mr.  W.  B.  iVIusson,  the  Secretary  of  the  Committee,  read  some  notes 
upon  the  general  subject  of  inde.xiiig,  and  described  the  method  which 
had  been  finally  adopted  as  the  most  preferable.  A  card  catalogue  had 
been  compared,  which  gave  the  references  by  authors'  names,  l)y  subjects, 
and  also  by  titles  alphabetically.  It  was  po.ssible  by  this  system  to 
make  the  catalogue  practically  a  bibliograpiiy,  at  le;tst  while  the  Library 
was  yet  a  humble  one  in  point  of  number  of  volumes. 

Among  other  notes  of  observations  Mr.  Z.  M.  Collins  stated  that  he 
had  observed  a  l)right  spot  at  the  south  pole  of  Venus,  bordered  by  a 
dark  ii  regular  streak.  The  spot  at  the  north  pole  of  the  planet,  reported 
by  Mr.  Elvins  at  the  previous  meeting,  had  been   very  widely  observed, 
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drawings   having   been  published  in  several  journals  devoted  to  astro- 
nomical work. 

Referring  to  observations  of  the  Sun,  Mr.  Pursey  stated  that  an 
interesting  group  of  spots  on  the  disc  between  June  9th  and  17th  had 
presented  all  the  various  changes  of  accretion  and  disintegration,  to 
()l)serve  which  it  is  generally  necessary  to  study  the  solar  surface  for  a 
very  long  time. 

The  President  gave  a  brief  account  of  a  journey  recently  made  to 
Florida,  and  described  the  zodiacal  light  as  seen  in  the  South.  He  had 
been  gratified  to  find  a  very  wide-spread  knowledge  of  astronomy  among 
])eople  whom  he  had  visited,  especially  among  American  ladies. 

An  interesting  letter  was  read  from  Dr.  J.  J.  Wadsworth,  of  Simcoe, 
who  had  forwarded  by  request  a  photograph  of  his  12-inch  reflecting 
telescope.  This  was  much  admired,  particularly  as  the  instrument  had 
been  constructed  by  the  Doctor  himself.  The  Secretary  was  requested 
to  communicate  with  Dr.  Wadsworth  and  ask  him  to  use  his  reflector 
sj)ecially  in  examining  the  more  minute  details  of  the  lunar  surface. 

Dr.  A.  D.  Watson  read  some  notes  on  astronomical  inaccuracies  to 
be  found  in  the  works  of  novelists  and  poets.  Examples  were  given 
from  Shelley  and  Coleridge  to  show  that  even  the  greatest  had  made 
errors  which  might  easily  have  been  avoided,  though  it  was  not  claimed 
that  the  beauty  of  these  great  poets'  writings  was  really  marred  by 
mistakes  of  this  kind. 


THIRTEENTH  MEETING. 

July  9th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  in  the 
chair. 

Mr.  F.  L.  Blake,  chief  observer  at  the  Toronto  Observatory,  was 
elected  an  active  member  of  the  Society.  The  Secretary  read  a  most 
cordial  letter  from  Dr.  Isaac  Roberts,  F.R.A.S.,  who  had  replied  to  a 
very  interesting  question  wliich  had  been  raised  as  to  possible  changes 
in  the  structure  of  the  nebulje.  Photographs  of  the  great  nebulse  in 
Andromeda  and  in  Orion,  with  an  interval  of  seven  years  between  the 
times  when  they  were  taken,  had  been  examined,  but  no  evidence  could 
be  found  of  changes  having  taken  place  in  the  nebulosity  during  that 
period. 
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The  thanks  of  the  Society  were  due  to  Dr.  Koberts  for  his  valuable 
gift  of  a  copy  of  his  volume  of  "  Photographs  of  Star  Clusters  and 
Nebulae."  An  interesting  letter  was  also  read  from  Mr.  W.  D.  Barbour, 
of  Leeds,  Eng.,  who  had  forwarded  copies  of  the  Transactions  of  the 
Leeds  Astronomical  Society.  These  were  subsequently  read  with  much 
interest.  Tt  was  very  gratifying  to  note  the  success  which  the  Society 
had  met  with  in  its  efforts  to  widen  the  circle  of  students  of  astronomy. 

The  Librarian  reported  the  receipt  of  a  monograph  on  time-measure- 
ment, by  M.  de  Rey-Pailhade,  President  of  the  Geographical  Society  of 
Toulouse. 

A  report  of  the  first  meeting  of  the  Lunar  section  was  received  from 
Mr.  G.  E.  Lumsden,  who  had  been  appointed  director.  The  members 
had  met  at  the  Toronto  Observatory  on  July  2nd,  and  had  spent  a  most 
enjoyable  evening.  Several  telescopes  had  been  set  up  on  the  adjoining 
lawn,  while  the  large  telescope  of  the  Observatory  had  been  also  placed 
at  the  service  of  the  meeting  by  the  kindness  of  Mr.  it.  F.  Stupart.  A 
paper  on  the  "  Present  Condition  and  Past  Plistory  of  the  Moon:"  had 
been  prepared  by  Mr.  Elvins,  but  the  time  was  so  largely  taken  up  in 
observation  that  the  reading  of  the  paper  was  postponed  until  a  future 
regular  meeting  of  the  Society. 

The  following  notes  of^ 

OBSERVATrONS    OF    SATURN 

were  received  from  Dr.  J.  J.  Wadsworth  of  Simcoe : — 

[  began  observing  Saturn  this  year,  1895,  on  A])ril  4th,  with  12^- 
inch  reflector.  Made  notes  on  him  on  seven  evening.s  in  April,  three  in 
May,  and  nine  in  June.  Will  give  the  substance  of  what  I  have  seen  : 
1.  The  Cassini  division  has  been  steadily  seen  on  the  ansa?,  and  on 
several  occasions  nearly  up  to  the  globe  ;  but  not  on  the  part  of  ring 
between  us  and  the  globe.  2.  The  shadow  of  the  ring  on  the  globe  to 
the  south  of  the  ring  has  been  very  distinct  during  the  month  of  June. 
In  the  early  part  of  the  month  the  eastern  end  of  this  shadow  was  much 
wider  than  the  central  part,  which  seemed  strange.  On  April  4th  I  saw 
a  distinct  dark  line  to  the  north  side  of  the  ring  ;  was  it  tlie  shadow,  or 
the  crape  ring,  or  both  %  It  reached  across  the  globe  just  below  the  ring. 
It  grew  fainter  after  May  2nd.  3.  The  shadow  of  the  globe  on  the 
rings  has  been  clearly  visible.  It  is  growing  w-ider  and  has  a  concave 
outline,  the  cause  of  which  I  cannot  imagine.      The  concavity  points  to 
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the  east,  causing  the  ring  to  look  like  a  blunted  hoin,  where  it  meets 
the  shadow.  The  outline  of  a  sphere  projected  obliquely  on  a  plane 
should  be  convex  on  the  outside,  a])proximating  to  a  straight  line  in 
extreme  projection.  Yet  to  me  and  to  two  others  this  shadow  is  clearly 
hollowed  out.  4.  I  see  the  following  belts  on  the  north  half  of  Saturn  : 
{a)  bright  equatorial  belt  ;  (6)  dark  belt  ;  (c)  another  bright  belt,  not 
so  clear  as  (a)  :  {d)  north  polar  dark  shading.  6.  The  crape  I'ing  is 
very  plainly  seen  as  a  dusky-reddish  shading,  plain  in  the  vertex  of  the 
sky  lune,  and  extending  about  one-third  of  the  way  to  the  globe.  On 
two  occasions  lately  I  have  seen  a  faint  line  across  the  body  of  the 
planet  immediately  north  of  the  bright  inner  ring.  This  I  believe  to  be 
the  crape  ring,  as  seen  between  us  and  the  planet.  6.  As  to  satellites, 
lapetus,  Titan,  Ehea,  and  Dione  are  often  seen  ;  and  other  stellar  points 
I  am  not  sure  of,  fixed  stars  being  numerous  in  the  neighbourhood. 

Accompanying  Dr.  Wadsworth's  notes  was  a  very  beautiful  drawing 
of  Saturn,  made  by  Miss  Eva  M.  Brook,  of  Simcoe,  to  whom  the  thanks 
of  the  Society  were  due.  The  concave  outline  of  the  shadow  was  plainly 
seen  in  the  drawing, 

Mr.  G.  G.  Pursey  presented  a  series  of  drawings  of  sun-spot  groups 
covering  the  period  of  the  last  three  months,  eighty-four  observations  in 
all.  Mr.  R.  F.  Stupai't  stated  that  the  magnetic  records  of  the  Toronto 
Observatory  had  shown  no  vinusual  disturbance  since  last  November  ; 
as  the  Sun  had  been  fairly  active  for  some  time  past,  it  was  thought  by 
some  of  the  members  piesent  tliat  this  would  tend  to  furnish  evidence 
on  the  negative  side  of  the  much  disputed  theory  as  to  whether  solar 
outbursts  and  magnetic  storms  are  coincident.  Mr.  A.  Harvey  described 
a  solar  halo  which  he  had  observed  on  July  5th.  Referring  to  the  cause 
of  these  phenomena,  Mr.  Stupart  said  that  they  were  most  frequently 
seen  when  an  area  of  low  pressure  was  passing  over  the  Ohio  valley.  Mr. 
Elvins  called  attention  to  what  he  considered  a  noteworthy  fact,  that 
twice  during  the  present  year  a  very  hot  wave  had  been  followed  imme- 
diately by  a  sudden  fall  in  temperature. 

Mr.  Thos.  Lindsay  then  read  the  introductory  chapter  to  an 

HISTORICAL    SKETCH    OF    THE    GREEXWICH    XAUTIC.\L    ALMANAC. 

A  complete  history  of  The  Greenwich  Nautical  Almanac  w'ould  be  a 
M  ork  requiring  nearly  as  much  research  as  was  expended  upon  James 
Grant's  great  classic    The  History  of  Physical  Astronomy .     That  work 
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was  completed  before  what  we  call  the  "  new  asti-onomy  "  began,  for 
example,  before  solar  physics  became  a  science  of  itself,  and  is  largely  a 
history  of  mathematical  astronomy.  As  the  nautical  almanac  is  con- 
cerned entirely  witli  this  subject,  it  follows  that  it  would  be  necessary  to 
look  up  the  same  reference  as  Grant  consulted,  if  one  wished  to  trace 
the  work  and  all  the  [>articulars  of  its  compilation  from  its  inception. 
Grant  has  given  all  his  references  in  copious  foot  notes,  so  that  the  way 
is  already  paved  for  the  second  historian.  But  it  would  be  also  necessary 
to  refer  continually  to  copies  of  the  almanac  itself  year  by  year.  Sa 
that,  in  short,  it  would  be  impossible  to  write  a  full  history  of  the  great 
book  unless  one  were  able  to  spend  month  after  month  in  England,  with 
occasional  trips  to  the  Continent.  That  being  the  case,  it  is  extremely 
unlikely  that  the  writer  of  this  sketcli  will  ever  write  anything  more 
than  a  sketch.  But  as  all  these  years  have  passed  without  anything  at 
all  being  written  on  the  subject,  it  is  just  possible  that  even  a  short 
account  will  be  of  interest  to  some.  It  cannot  be  to  everyone,  because 
in  these  days  astronomy  is  divided  into  so  many  branches  that  no  man 
can  study  them  all ;  one  genei'ally  chooses  his  particular  line  of  work 
and  follows  it  out,  perhaps  becoming  an  authority  in  that  branch  and 
recosnized  as  such  bv  those  whom  he  regards  as  authorities  in  other 
departments. 

The  sketch  which  is  here  presented  has  one  most  excellent  feature  ; 
the  reading  of  it  can  be  stopped  at  the  end  of  any  paragraph  and  no  harm 
done  to  anybody.  As  a  matter  of  fact,  it  is  the  intention  to  read  only 
a  few  pages  to-night.  I  would  hardly  wish  to  inflict  the  svhole  story 
upon  you  at  one  sitting  ;  it  can  be  left  off  and  taken  up  some  other  time 
to  till  in  half  an  hour.  And  even  if  it  is  never  to  be  read,  an  effort  will 
be  made  to  write  it,  if  I  follow  out  a  desire  which  I  have  had  for  many 
years,  that  is,  to  describe  in  popular  language  what  has  been  to  me  ever 
since  I  first  opened  it,  the  most  interesting  book  in  the  world.  What 
may  be  learned  from  its  pages  by  the  student,  and  how  intensely  inter- 
esting the  apparently  dry  columns  of  figures  can  be  made  I  hope  to 
have  another  opportunity  of  showing,  not  being  .specially  concerned  witii 
those  points  in  this  chapter.  I  will  just  throw  out  one  hint  to  all  who 
may  be  engaged  in  teaching  astronomy  in  schools,  universities  or  else- 
where, with  all  deference  to  their  opinion  if  they  differ  :  if  a  student 
can  be  brought  to  study  the  almanac  side  by  side  with  the  text  book  he 
will  get  along  just  twice  as  fast  ;  therefore  the  almanac  should  be  in  the 
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hands  of  every  learner    who   wislies  to   study  what    we  call  the   ''  old 
astronomy,"  as  distinguislied  from  astronomical  physics. 

I  said  that  the  history  of  the  almanac  was  still  unwritten  ;  I  believe 
that  to  be  the  case,  but  anyone  interested  specially  in  the  subject  might 
read  with  advantage  the  article  "  Almanac  "  in  the  Encyclnpaxlia 
Britannica.  Jt  is  not  a  long  one,  but  many  references  are  given  to 
literature  bearing  on  the  subject  generally.  A  series  of  articles  on 
"Almanacs"  is  also  now  running  in  I'optilar  Astronomy.  The  works 
from  wliich  lias  been  gathered  what  follows  here  are,  Grant's  History  of 
Physical  Astronomy  and  copies  of  the  almanac,  such  as  I  have  been  able 
to  j)rocure. 


If  we  ask  a  student  of  history  to  give  his  opinion  as  to  the  time  when 
England  began  to  be  a  mijrhtv  nation  he  will  answer  according  to  the 
]>articular  trend  of  his  own  ideas  as  to  what  the  greatness  of  a  nation 
means.  One,  lost  in  admiration  of  the  days  of  chivalry  in  general,  and 
the  deeds  of  the  Norman  barons  in  particular,  will  quickly  re]ily  tliat 
the  Conquest  was  the  real  beginning  of  what  is  now  the  greatest  nation 
of  all  histor}^  ;  another,  less  disposed  to  credit  the  feudal  knights  with 
all  the  virtues  man  can  ever  possess,  will  go  a  little  farther  liack,  and 
declare  that  the  days  of  Alfred  the  Great  marked  the  commencement  of 
the  greatness  of  his  country,  and  to  the  haughty  descendant  of  the 
Norman  will  reply  as  did  the  sturdy  English  farmer,  "  If  your  ancestors 
did  come  over  with  the  Conqueror,  they  found  mine  here  when  they 
landed."  Still  another,  versed  in  the  history  of  the  glorious  English 
tongue,  will  hold  that  the  days  of  good  Queen  Bess  marks  the  era  of  all 
eras, —  the  days  when  Shakespeare  wrote, — in  the  language  that  had 
been  evolved  out  of  the  mixture  of  Anglo-Saxon  and  Norman  French. 
Then  some  other,  with  strong  democratic  tendencies,  will  affirm  that  in 
the  moment  when  Cromwell  told  someone  to  "take  away  that  bauble," 
England  was  great,  but  that  she  lapsed  into  the  common  rut  of  mon- 
archical institutions  at  the  Restoration.  In  fiict,  no  two  students  of  the 
fascinating  study  of  English  history  will  agree  as  to  the  date  when 
England's  ]>resent  greatness  begar).  It  is,  therefore,  with  a  great  deal  of 
diffidence  and  unwillingness  to  argue  the  point  at  all,  that  we  give  our 
humble  opinion  in  the  matter.  We  do  not  wish  to  discuss  it,  mei'ely 
ask  you  to  receive  it  and  think  over  it  at  leisure.  Possibly  then  you 
may  agree  that  this  British  Enipire  of  ours,  this  empire  upon  which  the 


,50  The  Astronomical  and  Physical  Society  of  Toronto. 

8uii  never  sets,  this  monarchical  institution  which  is  still  the  most  demo- 
cratic in  the  world,  dates  its  right  to  eminence  among  the  nations  of  the 
Earth  from  the  year  when  the  printing  press,  grandest  of  inventions, 
gave  to  the  English  people  the  noblest  of  its  productions — next  to  the 
Bible— T'/ie  Greemvich  yautical  Almanac.  A  nation  becomes  great 
when  she  begins  to  extend  her  commerce  to  the  farthest  regions  of  the 
Earth  ;  she  cannot  do  this  with  perfect  satisfaction  until  she  either  has 
or  borrows  from  some  other  nation  an  ephemeris  of  the  Sun,  Moon  and 
planets  of  the  solar  system.  Pretty  ostrich  feathers  come  from  Africa  ; 
some  one  must  go  down  to  the  sea  in  ships  to  bring  them  ;  he  cannot 
make  much  headway  unless  he  understands  how  to  maik  the  trackless 
way  that  leads  him  tliither.  Is  he  content  to  take  work  of  the  astrono- 
mers of  other  countries  as  his  guide  ?  Well,  perhaps  he  is,  but  when  it 
<lawns  upon  him,  when  it  dawns  upon  the  nation,  that  this  is  a  very 
humble  position  to  take,  an  astronomical  ephemeris,  in  the  language  of 
the  people,  is  demanded.  This  is  the  era  when  a  nation  becomes  truly 
great. 

Our  country  was  not  the  tirst  to  reach  tlie  point  when  true  great- 
ness, as  we  have  defined  it,  could  be  claimed.  The  great  almanac  of 
France,  the  Connaissance  des  Temps,  has  an  unbroken  record  since 
1679.  To  England  the  light  did  not  come  until  I7G7.  A  brief  glance 
at  the  political,  licerary  and  scientitic  world  at  that  time  will  show  how 
readv  she  was  to  take  the  final  step  which  made  her  in  all  things  the 
foremost  nation  of  the  Earth.  Farmer  George  had  been  king  seven 
years  ;  the  great  Chatham  thundered  against  the  impositions  laid  upon 
the  Colonies,  and  which  finally  led  to  the  American  War  of  Indepen- 
dence ;  Capt;dn  Cook  was  about  starting  on  his  voyages  which  resulted 
in  the  addition  of  a  Continent  to  the  British  possessions.  Our  territory 
in  India  was  rapidly  being  enlarged.  The  cause  of  France  had  been 
ruined  in  that  quarter  some  years  before,  and  English  bayonets  were 
engaged  in  converting  the  benighted  heathen.  In  the  world  of  letters 
we  have,  model  for  all  his  successors,  Oliver  Goldsmith,  his  Deserted 
Village,  not  yet  written  :  the  poet  Gray  nearing  his  end  ;  Samuel 
Johnson,  his  fame  established,  and  happy  in  his  grumbling  and  a 
pension  ;  and  David  Hume  still  striving  to  invent  a  philosophy.  Edward 
Gibbon  was  a  young  man  forming  the  outline  of  his  great  work  ;  Robert 
Burns  was  an  urchin  at  school  ;  Walter  Scott,  most  loved  of  all,  had  not 
yet  seen  the  light.  Adam  Smith  was  busy  at  the  work  which  laid  the 
foundation  of  a  new  science;  Blackstone  had  published  his  Commen- 
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taries  ;  Edmmid  Burke  was  in  the  prime  of  life  ;  Robertson  was  engaged 
upon  his  great  History  of  Charles  the  Twelfth  ;  the  gentle  Cowper  was 
enjoying  a  lucid  interval  in  the  household  of  the  Unwins. 

A  brilliant  era  was  this  in  the  history  of  Englaud's  literature  :  but 
England  was  ready  for  something  even  liobler  than  poetry,  and  we  turn 
to  the  records  of  science  and  see  how  the  world  stood  in  1767,  because 
while  a  nation's  literature  is  its  own,  science  is  universal.  On  the  Con- 
tinent, Euler,  Lagrange,  and  Laplace,  lived  and  worked.  Laplace  was 
then  a  young  man,  but  still  giving  evidence  of  the  genius  that  ultimately 
produced  the  2Iecanique  Celeste.  In  the  domain  of  pure  mathematics 
we  may  mention  the  name  of  Lambert,  of  Belgium,  who  had  presented 
to  the  Belgian  Academy  of  Sciences  a  rigorous  demonstration  that  the 
circumference  and  diameter  of  a  circle  are  incommensurable,  thus  settling 
for  ever,  the  third  great  problem  of  antiquity.  So  that  up  to  this  time 
it  was  in  order  to  attempt  the  quadrature  of  the  circle,  but  since  about 
the  date  of  the  issue  of  the  nautical  almanac  the  circle  squarer  has  been 
following  a  phantom. 

Newton  had  passed  into  immortality  forty  years  before.  The  world 
had  been  in  possession  of  his  Principia  for  twice  that  time,  and  what  we 
now  call  the  Newtonian  philosophy  had  been  established  firmly  and  for 
ever.  Nevil  ^laskelyne,  fifth  astronomer  royal,  had  been  two  years  in 
office,  and  for  four  years  had  published  the  British  Mariner's  Guide,  the 
forerunner  of  the  great  work  we  are  about  to  describe.  Tobias  Mayer, 
of  Germany,  had  constructed  tables  of  the  Moon  which  allowed  of  a  very 
close  determination  of  the  longitude,  and  for  which  tlie  British  govern- 
ment subsequently  paid  a  ver}'  substantial  reward. 

The  achromatic  telescope  had  succeeded  the  old  for?u  of  single  lens 
telescopes,  and  Herschel,  settled  in  England,  was  beginning  to  dream  of 
what  he  might  accomplisli  with  the  great  reflectoi'.  The  government 
had  just  awarded  the  sum  of  £20,000  to  John  Harrison  as  a  reward  for 
his  invention  of  the  chronometer,  which,  after  repeated  tibials  on  long  sea 
voyages,  had  been  found  to  be  all  that  was  claimed  for  it  :  the  transit 
instrument  was  known,  and  the  name  of  Ramsden  a])pears  in  the  list  of 
opticians  of  the  day.  The  time,  then,  was  evidently  rij)e  for  the  publi- 
cation of  a  great  national  ephemeris. 

Though  I  hope  to  be  able  to  extract  from  such  works  as  I  have 
access  to,  a  general  outline  of  the  rise  and  growth  of  The  Greenwich 
Almanac,  I  fear  I  can  tell  but  little  of  the  lives  of  the  men  who  com- 
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piled  it,  certainly  nothing  of  their  inner  lives.  Even  of  the  men  wlvy 
compile  the  work  now,  in  tiiis  very  day,  there  is  nothing  to  be  learned 
from  published  literatuie;  they  have,  in  fact,  been  entirely  forgotten  by 
historians,  by  sketch  writers,  by  novelists,  by  everybody.  Yet  I  have  a 
kind  of  an  idea  that  it  would  be  just  a  little  interesting  to  learn  some- 
thing of  those  men  who 'are  engaged  in  transforming  intricate  algebraic 
formuljB  the  whole  live-long  working  day.  What  effect  does  it  have 
upon  them, — does  it  tend  to  make  them  narrow-minded  or  the  contrary? 
From  what  ranks  generally  are  they  recruited  ?  Do  they  lose  all  taste 
for  what  we  call  recreative  reading,  or  do  they  fly  to  it  as  soon  as  they 
can  get  free  from  the  unceasing  figuring  that  occupies  the  day  1  Can 
they  retain  what  there  is  of  poetry  and  romance  in  every  educated  man 
to  stai't  with  1  If  they  do,  they  have  not  been  treated  fairly,  for  as  I 
have  said,  the  romancer  and  the  poet  have  forgotten  their  existence,  if, 
indeed,  they  ever  knew  of  it.  What  far  away  trips  from  home  does  the 
novelist  take  to  find  a  subject  for  a  book  !  '•  Mr.  So  and  So  is  at 
present  in  Africa  looking  up  material  for  a  new  work  ;  his  last  had  an 
enormous  sale,  half  cloth  so  much,  paper  edition  very  cheap,"  etc.  Bless 
his  innocence,  he  has  passed  the  almanac  office  a  thousand  times,  and  yet 
remains  unconscious  of  the  vast  mine  of  material  for  character  work  that 
is  to  be  found  in  that  building.  Blase  at  thirty,  he  sings  in  earnest  as. 
Byron  sung  in  jest — 

"  I  want  a  hero " 

Express  surprise  and  he  will  tell  you  :  "  Yes,  all  types  of  cliaracter  are 
represented  in  fiction  ;  what  with  Dickens  and  Scott  and  Tliackeray  as 
mastei's,  and  a  whole  host  of  followers,  the  entire  field  is  covered."  Well,, 
it  is  not  covered,  it  has  not  begun  to  be  covered,  and  the  brightest 
corner  of  the  field  is  wide  open  for  whomsoever  wishes  to  explore. 

"  But  the  type  of  character  to  he  found  around  the  Almanac  office  is 
not  suitaVjle  for  fiction.  It  is  not  like  the  Foreign  office  or  the  Sealing- 
wax  office,  and  so  on."  Well,  I  fancy  it  is  a  trifle  superior  to  the  style 
that  gets  into  the  Jin  de  siecle  novel.  But  it  is  the  duty  of  the  novelist 
and  the  dramatist  to  educate  the  public,  to  keep  up  the  standard  of 
morals  ;  they  debase  their  talents  when  they  seek  to  lower  it.  Let  them 
give  us  good  healthy  reading  and  see  how  quickly  we  will  sweep  all  the 
other  trasli  out  of  the  field.  They  act  as  if  we  wanted  their  vile  stuff: 
we  do  not.  but  we  must  read  something  and  have  no  choice  but  to  take 
what  is  given  us.      But  I  do  not  lay  all  the  blame  on  the  novelist  ;  the 
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historian  and  writer  of  biography  must  bear  their  sliare  also.  Tliey  too 
have  ignoi-ed  these  men  all  through  the  century  ;  Grenville  Murray  ha.s 
given  us  what  he  calls  "Social  Photographs,"  ]>icturing  vai-ious  dejuirt- 
ments  of  the  civil  service,  not  a  word  about  the  almanac  dejjartment. 
All  our  great  political  leaders  have  been  held  up  to  nature,  and  tho 
minutest  details  of  their  lives  given  us,  but  not  a  line  about  the  almanac 
computer.  "  He  is  only  a  secondary  kind  of  character."  Is  he  indeed  ? 
If  every  one  may  speak  for  himself,  let  me  say  here :  1  once  had  the 
distinguished  honour  of  seeing  Mr.  Gladstone  and  Lord  Ro.sebery  riding 
together  in  a  carriage  (it.  was  on  the  occasion  of  one  of  their  triumphal 
entries  into  Edinburgh).  They  were  bowing  right  and  left  to  the  people 
— I  was  one  of  the  people.  But  I  do  not  claim  any  superiority  over  the 
ladies  and  gentlemen  here  assembled  because  I  had  the  honour  of  being 
bowed  to  by  these  great  politicians,  nor  am  I  sj)ecially  conceited  because 
I  once  spoke  to  a  man  who  had  been  intimate  with  the  Prince  of 
Wales.  I  could  mention  a  score  of  books  clearly  outlining  a  system 
of  government  which  would  rendei'  entirely  unnecessary  anything  like  a 
politician  or  a  royal  prince.  But  I  cannot  see  how  man  of  the  present 
age  could  enjoy  life  either  on  its  practical  or  its  lesthetic  .side  without 
the  assistance  of  the  Nautical  Alnianac  in  some  shape  or  other,  perhaps 
for  practical  life  not  so  elaborate  as  we  have  it,  but  to  meet  the  wants 
of  the  beautiful  in  life  we  cannot, have  it  elaborate  enough.  And  I  do 
admire  those  men  and  would  be  proud  to  know  some  of  them,  who  have 
selected  as  their  life  work  the  unceasing,  severe,  wearying  task  of 
figuring  out  for  us  the  paths  of  the  orbs  in  space.  I  am  aware  the  com- 
puter is  but  following  out  what  was  given  to  the  world  by  the  greatest 
genius  of  all  history  and  a  few  brilliant  minds  succeeding,  who  dragged 
into  the  light  of  day  that  mighty  instrument  of  research  the  "  modern 
mathematical  analysis,"  which  had  lain  hidden  among  a  few  simj^le 
geometric  truths.  I  am  aware  that  the  almanac  computer  need  not  be 
a  genius,  unless  we  accept  literally  Carlyle's  definition,  "  Hard  work  is 
genius."  But  I  am  also  aware  that  we  accord  a  high  place  to  the  legis- 
latoi',  and  no  legislator  has  ever  improved  upon  the  laws  of  Moses.  We 
give  high  place  to  sanitary  engineers,  buc  Moses  was  the  tirst  ;  we  are 
quick  to  appeal  for  aid  to  the  doctor  of  medicine,  and  praise  him  none 
the  less  because  he  is  not  a  brilliant  experimenter  or  discoverer  ;  it  is 
enough  for  us  if  he  is  pretty  well  up  in  what  a  few  great  investigator.^ 
have  discovered  in  the  past. 
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However,  as  it  is,  unless  we  go  to  England  specially  to  learn  upon 
the  spot,  we  can  say  but  little  about  the  compilers  of  the  almanac.  I 
have  thrown  out  the  idea,  perhaps  some  one  may  take  it  up,  of  weav- 
ing a  romance  around  those  computing  room.s.  The  writer  of  the  future 
may  even  run  in  a  serio-comic  situation  now  and  then — just  fancy  a 
clerk  coming  home,  weary  with  his  day's  work,  flinging  himself  into  a 
chair,  or,  as  it  would  be  in  a  novel,  "  resting  his  tired  frame  on  a  richly 
upholstered  ottoman." 

To  him,  his  wife,   "  You  look  worn  out  to-day,  deai-." 

"  Yes,  that  confounded  Venus  bothered  me  at  the  office  all  day." 

"  Indeed  !  " 

"  Yes;  Jupiter  and  Mars  were  on  the  same  side  of  the  Sun,  pulling 
at  her  like  the  mischief." 

"  Oh  !  that  Venus  !  " 

"  Wliy,  of  course.  What  did  you  supjjose  I  meant  1  And  Mercury 
will  be  into  the  field  to-morrow  to  make  matters  woi'se," — and  so  on. 

But  one  must  have  talent  to  write  novels.  A  member  of  this 
Society  whose  opinion  we  value  very  much  and  to  whom  I  was  speaking 
of  the  lack  of  literature  on  this  subject,  suggested  that  I  take  the  matter 
up  myself.  Well,  of  course  it  is  not  want  of  talent  that  would  keep  me 
from  writing  a  novel ;  not  at  all  !  but  I  have  an  unfortunate  failing  for 
not  being  able  to  write  anything  that  is  not  strictly  true,  so  1  must  keep 
out  of  that  field. 

Proceeding  now  with  strict  recital : — We  learn  that  the  light  reached 
England  in  1767.  The  Nautical  Almanac  for  that  year  came  from  the 
printing  press  in  1765,  necessarily  in  advance,  that  navigators  might 
have  data  from  which  to  determine  positions  at  sea,  though  their  voy- 
ages might  be  prolonged — to  be  two  or  three  years  from  home  was 
common  in  those  days.  For  four  years  prior  to  1767  the  British  sailor 
had  been  in  possession  of  the  British  Mariner^s  Giiide,  jjublished  by 
Nevil  Maskelyne,  and  he  it  was  who  brought  to  the  notice  of  Parliament 
the  necessity  for  issuing  annually  under  the  authority  of  the  Commis- 
sioners of  Longitude,  an  astronomical  ephemeris.  The  great  problem  of 
the  preceding  part  of  the  century  had  been  to  find  a  method  by  which 
the  navigator  could  readily  determine  his  longitude.  It  need  scarcely 
be  said  that  there  was  no  difficulty  about  latitude.  Almanacs  giving 
the  Sun's  declination  had  been  common  enough  since  Kepler's  time,  and 
there  were  extant  several  star  catalogues  ;  but  to  observe  a  star  on  the 
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meridian  of  one  place  and  know  how  long  since  it  was  on  the  meridian 
of  another  place,  this  was  not  so  easy.  Galileo  had  been  the  first  to 
point  out  that  there  was  one  series  of"  signals  constantly  recurring  in 
the  heavens,  the  configurations  of  Jupiter's  satellites,  and  had  con- 
structed tables  of  these.  Cassini  towards  the  end  of  the  seventeenth 
century  had  improved  upon  all  who  preceded  him  in  this  respect,  and 
published  an  almanac  which  to  a  certain  extent  was  useful  for  explorers, 
but  for  several  reasons  of  little  value  to  the  navigator.  In  fact  "dead 
reckoning "  was  the  best  kind  of  calculation  which  the  sailor  could 
bring  to  his  aid  until  about  the  date  of  the  almanac,  when,  as  has  been 
said,  Tobias  Mayer  had  given  to  the  world  his  tables  of  the  Moon.  It 
must  not  be  overlooked,  however,  that  there  were  some  great  navigators 
in  the  world  long  before  almanacs  were  printed  ;  and  the  maps  of  the 
ancient  world  are  pretty  accurate  when  we  remember  that  the  unit  of 
length  for  the  geographer  was  simply  a  day's  march.  As  for  Columbu.s, 
there  is  all  the  more  credit  to  him  as  a  sailor,  considering  that  he  made 
his  dash  for  America  even  before  Co[)erMicns  had  given  his  theory  to 
the  world. 

Newton  had  made  lunar  tallies  possible,  and  had  jjointed  out  the 
advantage  to  be  gained  by  considering  the  Moon  as  the  minute-haud  of 
the  celestial  clock  ;  so  it  had  long  been  the  great  aim  of  astronomers  to 
perfect  the  lunar  theory.  Mayer  died  in  1762,  and  his  tables  being  in 
the  possession  of  the  British  Government,  there  was  no  man  so  well 
qualified  as  ISTevil  ]\Easkelyne  to  put  them  to  practical  use.  This  great 
astronomer  was  born  in  1732,  and  was  a  student  of  the  stars  from  early 
manhood.  In  1765  he  succeeded  Bradley  in  the  position  of  A.stronomer 
Royal,  being  the  fifth  to  hold  that  office.  Maskelyne  is  one  of  the  illus- 
trious men  connected  with  the  Nautical  Alnuinac  about  whom  something 
may  be  learned.  It  would  be  a  pity,  indeed,  if  the  founder  of  the  great 
book  had  been  forgotten.  It  should  be  remembered  that  it  was  he  who 
proposed  to  the  Royal  Society  the  historic  Schehallien  experiment  to 
determine  the  mean  density  of  the  Earth,  and  also  that  he  was  the  first 
astronomer  to  mark  observations  to  tenths  of  a  second.  The  recognized 
authority  in  England  on  matters  connected  with  astronomy  and  naviga- 
tion, we  find  him  correcting  those  who,  undertaking  to  publish  almanacs 
for  common  use,  were  not  very  careful  of  their  figures.  In  the  Gentle- 
man's Magazine  for  1767,  he  calls  attention  to  the  fact  that  the  Moon'.s 
phases,  as  given  in  the  Stationer's  Almanack,  are  grossly  erroneous,  and 
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that  it  would  not  avail  to  plead  they  were  not  intended  for  the  current 
year,  because  an  almanac  was  supposed  to  be  compiled  for  the  year  in 
which  it  was  dated. 

Mciskelyne,  as  the  chief  computer  of  the  Nautical  Almanac,  and  the 
responsible  head  of  the  Royal  Observatory,  acted  under  the  direction  of 
the  Commissioners  of  Longitude,  and  laboured  for  nearly  fifty  years. 
We  hope  to  find  much  information  regarding  his  personality,  as  we  pro- 
ceed with  the  examination  of  his  works,  the  monuments  of  his  genius. 

Mr.  Lindsay  here  brought  the  introductory  chapter  to  a  close,  and 
stated  his  intention  of  presenting  a  continuation  of  the  subject  in  the 
near  future. 


FOURTEENTH  MEETING. 

July  23rd  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  in  the 
chair. 

Letters  were  read  from  the  Director  of  the  Greenwich  Observatory ; 
from  Dr.  J.  J.  Wadsworth,  of  Simcoe,  and  from  Mr.  G.  F.  Townsend,  of 
Austin,  Texas.  From  the  last  named  were  received  two  very  tine 
photo2rraphs  of  the  lightning  flash  taken  during  a  storm  on  the  night  of 
May  5th,  at  Austin.  These  were  much  admired,  and  formed  a  valuable 
addition  to  the  Society's  album  of  photos. 

It  was  moved  by  Mr.  J.  Todhunter,  seconded  by  Mr.  A.  Elvins, 
that  the  following  named  gentlemen  be  added  to  the  Committee 
appointed  to  consider  the  establishment  of  a  popular  observatory  in 
Toronto  :  Mr.  A.  Harvey,  Mr.  R.  F.  Stupart,  Dr.  Larratt  W.  Smith, 
Mr.  J.  A.  Paterson  and  Mr.  G.  E.  Lumsden.      This  was  carried. 

It  was  moved  by  Mr.  Pursey,  seconded  by  Mr.  Elvins,  and  resolved, 
that  the  Society  express  its  sj'mpathy  with  the  family  of  Miss  Bambridge, 
in  the  loss  sustained  by  the  death  of  a  brother  in  British  Columbia. 

Mr.  E.  A.  Meredith,  LL.D.,  read  some  notes  on 

THE  CHEMISTRY  OF  STEEL  MAKING 

As  illustrated  in  the  recently  discovered,  "  Doherty  Process,"  now  in 
operation  at  Sarnia,  where  he  had  an  opportunity  of  investigating  it. 
Iron  masters  and  authorities  in  chemical  science  regarded  this  as  an 
epoch  making  discovery,  and  the  methods  employed  as  being  as  much 
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■supeiior  to  the  Besseaier  system  as  tlie  latter  was  to  the  methods  iii 
common  use  when  it  was  given  to  the  world  in  1857.  In  the  Bessemer 
system,  two  distinct  and  separate  ])rocesses  are  necessary  to  convert  the 
pig-iron  into  steel.  The  first  is  to  melt  the  iron  in  a  furnace,  and  when 
melted,  air  and  steam  are  forced  into  the  molten  mass  of  metal,  in 
<jrder  to  burn  out  the  caihon,  sulphur,  and  other  impurities  in  the 
iron.  Tlie  second  step  is  to  pour  this  molten  mass,  now  converted  into 
malleable  iion.  into  another  furnace,  called  the  converter,  where  it  is 
mixed  with  a  certain  proportion  of  fused  oarljunized  iron  containing 
manganese  in  the  form  of  ferro-manganese,  and  converted  into  steel. 
By  the  Dolierty  process,  on  the  other  hand,  the  steel  is  ))roduced  by  a 
single  furnace,  and  more  cheaply  than  malleaVjle  iron  by  the  old  method. 
A  pipe  containing  air  meets  a  pi|)e  containing  steam  (regulated  by  a 
cock),  just  before  the\'  enter  the  furnace  ;  the  result  is  that  hydrogen 
gas  is  set  free,  which,  in  combustion,  gives  out  an  intense  heat,  fusing 
the  metal  very  rapidl}',  at  the  rate  of  about,  one  ton  in  fifteen  minutes. 
By  the  intensity  of  the  heat  also,  the  impurities,  or  mineral  poisons,  as 
they  are  called,  the  manganese,  phosphorus,  and  sulphur  are  burned  out. 
The  molten  mass,  freed  from  all  tliese  imj)urities,  is  poured  out  in  a 
white  stream,  at  the  rate  of  forty  pounds  in  twelve  seconds.  The  metal, 
when  poured  into  the  ladles,  throws  up  innumerable  jets  of  flame, 
caused  by  the  burning  of  the  carbon,  and  must  be  allowed  to  cool  for 
some  seconds  before  being  poured  into  the  moulds.  Dr.  Meredith  stated 
that  the  inventor  of  the  process  claims  that  tlje  steel  so  jiroduced  is 
harder  and  more  ductile,  and  in  other  respects  superior  to  that  produced 
in  the  ordinary  way,  while  it  is  very  much  chea])er,  :is  the  quantity  of 
fuel  used  is  only  one-tenth  of  that  required  in  the  old  method. 

After  the  reading  of  Dr.  Mei*edith's  notes,  the  chairman  called  upon 
Mr.  A.  Elvins  to  read  the  paper  which  liad  been  prepared  for  the  Lunar 
Section  meeting,  but  wliich  it  had  been  decided  to  receive  at  a  general 
meeting,  as  it  was,  in  chief  part,  an  inti'oduction  to  the  study  of  the 
Moon  which  several  members  desired  to  take  up. 

The  following  is  the  text  of  the  ])aper,  which  was  illustrated  by 
several  of  Mr.  Elvins'  own  drawings,  some  photographs  from  the 
Society's  collection,  and  the  beautiful  map  of  the  Moon  j)ublished  by 
3Iessrs.  Poole  Bros.,  of  Chicago. 
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THE    moon's    present    CONDITION. 

I  am  glad  that  a  few  of  our  members  intend  to  form  a  section  for  the 
study  of  the  Moon's  surface.  As  in  the  case  of  most  amateurs  it  was 
about  the  first  object  which  attracted  my  attention,  and  it  has  lost  none 
of  its  charms  during  the  many  years  that  hjive  passed,  since  I  was  first 
struck  with  the  grand  scenery  of  its  mountains,  and  the  qniet  appearance 
of  its  mighty  plains  ;  indeed  the  interest  grows  on  me,  as  I  think  I  can 
observe  in  its  present  condition  some  evidence  of  great  changes  which 
must  have  taken  place  in  the  ages  long  gone  by. 

Turn  your  telescopes  on  the  Moon  now  as  it  is  at  its  full;  you  see 
some  parts  of  dazzling  brightness,  other  spaces  much  darker. 

We  know  that  our  satellite  is  j^seen  by  reflected  sunlight  ;  the 
(juantity  of  light  which  falls  on  one  part  must  be  about  the  same  as  that 
which  falls  on  another  part ;  let  us  examine  these  bright  parts  and  see 
what  they  are.  We  shall  have  a  far  better  view  of  these  bright  spots 
at  the  first  or  second  quarter  than  at  full  Moon ;  the  Sun  is  just  I'ising 
on  its  central  meridian  and  any  elevations  near  this  part  (called  the 
terminator)  will  cast  shadows  on  the  side/ro?/*  the  Sun,  while  hollows 
will  have  shadows  on  the  side  nearest  the  Sun.  A  little  after  first 
quarter  we  see  a  bright  marking  running  not  far  from  north  and  south, 
extending  quite  a  distance  on  the  surface  of  the  Moon.  We  easily  see 
that  on  the  side  facing  the  Sun  it  is  very  bright,  while  on  the  opposite 
it  is  dark.  The  dark  portions  look  like  shadows  cast  by  the  bright  ridge  ; 
is  this  the  case,  or  are  these  dark  spaces  real  differences  in  the  colour  of 
the  surface  ?  On  the  following  night  we  will  get  an  unmistakeable 
answer  to  our  question.  We  now  see  that  the  sunlight  stretches  far  out 
into  what  was  quite  dark  last  evening,  and  what  we  rightly  suspected  to  be 
.shadows  are  now  much  shorter,  and  we  feel  sure  that  the  bright  line  is 
really  a  ridge  of  mountains,  and  the  dark  portion  joining  the  bright  hills 
are  truly  shadows  thrown  by  those  hills  on  the  plains  below.  This  con- 
clusion will  find  corroboration  as  we  see  the  shadows  grow  sliorter  and 
shorter  every  night,  until  the  Sun  shines  down  perpendicularly  on  the 
hills  at  full  Moon,  and  then  we  fail  to  see  any  shadows  at  all.  But  all  the 
proof  that  this  ridge  is  really  a  mountain  range  is  not  yet  exhausted;  you 
will  look  after  the  Sun  has  ])assed  the  Moon's  meridian  (about  the  third 
quarter)  and  you  will  see  the  hills  and  shadows  again,  and  now  they  are 
reversed  ;  the  shadows  cover  the  side  which  was  bright  at  the  first 
quarter,  and  the   side^which  was  then  in  darkness  is  bright  now. 
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This  range  of  niountKins,  the  lunar  Apennines,  is  an  example  of 
many  others  which  you  will  become  acquainted  with  as  you  prosecute 
your  systematic  observations.  We  will  notice  another  feature,  these 
extended  dark  spaces  wliich  we  first  observed.  Tliese  have  a  very  differ- 
ent ai)pearance  from  the  mountains,  they  are  for  the  most  ]>art  flat 
plains,  broken  hei-e  and  there  by  isolated  hills  and  in  some  places  by 
deep  cavities.  You  will  have  exam})les  of  both  on  the  floor  of  the  sea  of 
►Showers  (Mare  Imbrium)  ;  Bes.sel  and  IMinins  in  the  adjoining  sea  of 
Serenity  are  also  of  this  class.  Why  are  those  extended  plains  so  dark  ? 
Of  course  the  hills  might  be  expected  to  be  brighter  when  the  Sun  is 
rising  on  then),  but  we  see  the  plains  less  bright  even  at  the  full,  when 
the  Sun  casts  no  shadows.  Something  in  the  nature  of  the  mare  itself 
must  absorb  part  of  the  light.  Again  I  am  sure  you  will  be  struck  by 
those  gi'eat  ring-plains,  some  more  than  100  miles  in  diameter  sur- 
rounded by  high  circular  hills.  You  vvill  see  a  large  group  on  the  ter- 
minator about  the  flrst  and  third  quarter  ;  each  of  these  is  a  study  in 
itself.  At  the  fidl  Moon  we  see  many  bright  rays  which  converge  at  a 
point  near  the  southern  limb  of  the  Moon  and  spread  outwards  from 
that  point  (Tycho)  over  a  large  j)art  of  the  lunar  surface  ;  what  they  are 
is  an  unsolved  problem,  it  will  be  one  of  the  questions  which  you  will 
seek  to  answer.  I  must  cease  description  but  did  time  permit  I  would 
be  glad  to  continue  on  these  lines.  I  wish  to  direct  your  attention  to 
thoughts  in  relation  to  changes  which  have  struck  me  during  my  observa- 
tions. There  are  several  instances  in  which  circular  walled  plains  occur 
on  the  borders  of  the  dark  spaces  wliich  I  think  have  pro})er!y  been 
called  seas.  Le  Monnier  on  the  border  of  the  sea  of  Serenity,  and  Fracas- 
torius,  on  the  sea  of  Nectar,  are  of  this  class.  Kow  in  both  these  cases  and 
in  many  others  the  wall  has  been  in  part  l)rokendown,  and  the  breakage  is 
on  the  side  which  enters  the  sea,  or  seems  on  the  sea  bottom,  where  it 
would  have  been  washed  by  the  tides  and  waves  if  they  ever  existed. 

I  cannot  repress  the  conviction  that  the  so-called  seas  were  at  one 
time  tilled  with  water,  and  that  the  walled  plains  were  broken  down  by  the 
action  of  the  tides,  and  that  the  debris  scattered  (being  in  some  cases 
still  visible)  where  strewed  by  the  water  action  in  ages  long  past.  Then 
again,  we  see  some  walled  plains  and  craters  which  seem  to  be  partly 
covered  by  some  deposit  ;  in  the  Mare  Humorum  and  near  BuUialdus 
are  .several  cases  of  this  kind  ;  to  me  they  have  always  conveyed  the 
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impression  of  gigantic  submerged  ring  plains,  and  craters  of  smaller  size, 
also  submerged. 

If  we  have  been  merely  viewing  the  effects  of  water  action,  nothing  is 
more  natural  than  for  us  to  inquire  what  has  become  of  the  water? 

As  to  the  origin  of  the  features  which  we  observe,  I  do  not  think  we 
have  any  certain  knowledge.  Several  theories  have  been  puljlished,  but 
the  one  most  generally  enteilained  is  what  we  may  call  the  volcanic.  This 
theory  regards  the  mountain  ridges  and  ring-plains,  craters,  etc  ,  as  the 
result  of  earthquake  and  volcanic  action  in  past  ages.  Many  of  the 
lunar  features  certainly  have  this  appearance,  and  this  view  is  fully 
treated  and  sustained  in  an  able  paper  (in  the  June  number  of  the  ]>ubli- 
cations  of  the  A.  S.  of  the  P.)  l)y  Prof.  Sness,  an  eminent  Austrian  geolo- 
gist. This  paper  should  be  carefully  read.  A  nother,  which  we  may  call 
the  meteoric  theory,  is  jiresented  in  a  paper  read  and  lately  published  by 
G.  R.  Gilbert  of  the  American  Geodetic  Survey,  who  made  an  exhaus- 
tive study  of  the  subject.  He  regards  the  chief  features  of  the  lunar 
surface  as  the  result  of  the  gathering  up  of  a  ring  of  meteoric  bodies, 
which  he  thinks  once  surrounded  the  Earth,  into  one  mass,  and  holds 
the  lunar  walled  plains,  craters,  etc..  to  be  the  result  of  the  heat  produced 
by  the  impact  of  these  masses  when  they  struck  the  surface.  This  theory, 
strange  as  it  may  appear,  is  supported  by  close  reasoning  and  a  mass  of 
experiments,  which  though  not  demonstrating  the  tiieory  should  be  care- 
fully studied  as  you  follow  your  Avork  iu  the  lunar  section. 

The  Moon  having  been  formed,  it  must  be  studied  in  relation  to  the 
modifications  resulting  from  the  existence  of  great  tiilal  action.  The 
great  mass  of  the  Earth  would  pi-oduce  tides  in  any  body  not  perfectly 
rigid.  Air  and  water  would  produce  results  which  may  still  be  traced 
if  either  or  both  of  those  ever  existed  there. 

The  glacial  theory  : — I  have  long  thought  the  jiossible  existence  of 
ice  and  snow  may  have  had  much  to  do  with  the  present  condition  of  the 
Moon's  .surface,  and  this  question  has  lieen  ably  stated,  illustrated  and 
defended  in  papers  by  our  fellow-member,  S.  E.  Peal,  of  Asam,  India, 
but  as  his  views  are  so  very  similar  to  my  own  I  shall  not  refer  to  them 
here,  only  to  state  that  his  paper  "  Lunar  Surfaceing,"  is  bound  up  in  our 
10th  volume  of  Monographs,  which  I  hope  you  will  read  carefully,  and 
you  will  be  well  repaid. 

In  whatever  manner  the  Moon's  mass  may  have  been  formed,  it  is  quite 
possible  and  I  think  quite  probable,  that  sometime  in  the  past  it   rotated 
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on  an  axis  in  niucli  shorter  time  than  it  revolved  around  the  Earth.  The 
iixis  of  rotation  might  be  somewhat  inclined  to  the  plane  of  its  orbit. 
Under  such  conditions  there  could  be  no  reason  why  the  Moon  should  not 
have  had  an  atmosphere,  and  oceans,  lakes  and  rivers,  as  we  have  on  the 
Earth.  This  state  of  things  I  think  really  existed,  and  if  I  am  right,  if 
it  possessed  large  seas  there  must  have  been  enormous  tides.  In  conse- 
quence of  the  Eartli's  greater  mass,  its  lifting  power  on  the  Moon's  sur- 
face would  be  much  greater  than  the  Moon's  power  to  raise  a  tide  on  the 
Earth.  Sir  Robert  Ball  in  his  very  interesting  book  Time  and  Tide 
has  shown  clearly  that  our  tides  serve  as  a  break  to  retard  the  Earth's 
rotation,  and  most  certainly  the  lunar  tides  would  have  had  a  similar 
effect  on  the  rate  of  the  Moon,  causing  it  to  rotate  more  and  more  slowly, 
until  at  last  its  rotation  in  relation  to  the  Earth  ceased  and  in  relation  to 
space  the  revolution  and  rotation  were  completed  in  the  same  time.  Such 
is  the  present  state  of  the  Moon.  If  a  rigid  bar  were  thrust  through 
the  body  of  the  Moon  and  one  end  of  it  brought  to  the  Earth  that  end 
would  be  at  the  centre  of  the  Moon's  orbit,  and  the  Moon  would  always 
have  the  same  side  turned  earthwards,  (libration  only  excepted),  which  is 
known  to  be  the  fact.  During  the  period  in  which  it  rotated  more 
rapidly  than  it  revolved  in  its  orbit,  tlie  great  tides  in  its  seas  and  oceans 
would  doubtless  make  sad  havoc  with  the  rocks  forming  its  sea-shores. 
The  rocks  on  the  sea  of  Showers  at  the  foot  of  the  Apennines  (which 
were  doubtless  the  shore  of  that  sea)  are  just  what  we  would  expect  to 
find  there  as  a  i-esult  of  tidal  action,  and  the  breaking  down  of  the  ring 
mountains  on  the  side  next  the  sea  would  be  a  natural  result  of  the 
Moon's  enormous  tides.  But  as  soon  as  the  time  of  the  Moon's  rotation 
Avas  retai'ded  to  such  an  extent  as  to  cause  the  times  of  rotation  and 
revolution  to  be  equal,  the  lunar  tides  would  no  longer  pass  around  the 
Moon  but  would  remain  stationary,  and  if  the  Moon  became  stationary, 
or  ceased  to  revolve  in  its  orbit,  the  raised  water  or  tide  would  exist  at 
the  point  nearest  to  the  Earth.  But  the  Moon  has  not  ceased  its 
onward  motion,  it  still  moves  onwards  in  its  orbit,  keeping  the  same 
hemisphere  earthwards  all  the  time. 

This  motion  would  cause  a  centrifugal  tendency  in  the  atmosphere 
and  waters  of  the  ^loon,  which  passing  backward  would  form  a  higji 
tide,  opposite  the  one  tide  raised  earthward  by  the  Earth's  attraction  ; 
the  plus  of  atmosphere  and  waters  raised  on  the  radial  line  of  the 
orbit  would  leave  a  minus  of  atmosphere  and  water  at  light  angles  to  the. 
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line  joining  the  Earth  and  Moon.  The  atmosphere  and  water  would 
thus  accumulate  toward  the  Earth  and  on  the  more  distant  point,  and 
be  greatly  reduced  or  removed  altogether  from  the  sides,  or  from  points 
at  I'ight  angles  to  the  radius  of  the  lunar  orbit.  This  removal  of  the 
atmosphere  would  lower  the  temperature  of  the  Moon's  surface,  the 
moisture  in  the  remaining  atmosphere  would  be  thrown  down  as  snow,^ 
and  the  waters  on  the  surface  would  be  changed  into  ice.  The  oceans 
would  be  converted  into  vast  icefields,  glaciers  would  gradually  form  on 
the  highlands  and  pass  downward  into  the  plains  below,  so  that  what 
was  formerly  fertile  and  full  of  life  has  now  become  a  barren  waste,  a 
world  covered  with  ice  and  snow. 

In  studying  the  lunar  surface  you  will  be  reading  a  history  of  great 
events  long  past,  and  multitudes  of  questions  will  be  presented  to  your 
minds,  some  of  which  you  may  solve,  others  never.  I  can  only  assure 
you  that  you  have  entered  on  a  very  interesting  study,  and  I  think  you 
will  believe  me  when  I  say  that  I  wish  you  many  hap])y  hours,  and  an 
increase  of  the  pleasure  which  your  studies  in  the  past  have  given  you. 
Before  I  close  I  must  ask  you  to  read  carefiilly  Sir  Kobert  Ball's  inter- 
esting work  Time  and  Tide ;  it  opens  up  many  questions  full  of  inter- 
est and  will  enable  you  to  see  the  cause  of  the  retardation  of  both  Earth 
and  Moon  by  tidal  action.  Gilbert's  paper  on  the  cosmogony  which 
you  will  find  in  ^our  Library  should  be  read  with  caie ;  and  the 
papers  of  S.  E.  Peal,  on  the  glacial  theory  of  the  lunar  surface  are  very 
suggestive,  and  must  by  no  means  be  overlooked  in  following  out  your 
studies  of  the  Moon. 

Addendum  : — We  may  reasonably  ask,  how  is  it  possible  that  the 
Moon  ever  rotated  more  rapidly  than  it  does  now  ]  1  see  a  difficulty  here, 
if  it  had  always  been  a  satellite  of  the  Earth,  but  perhaps  it  may  not  have 
always  been  such.  In  the  distant  past  it  may  have  revolved  as  a  primary 
planet  around  the  Sun,  in  an  orbit  differing  but  little  from  the  Earth's 
orbit ;  its  motion  is  such  that  at  present  its  orbit  always  presents  its 
concave  side  to  the  Sun,  and  I  think  Proctor  suggested  when  here  that  it 
might  be  treated  as  a  primary  to  advantage  even  now.  It  would  then 
be  so  distant  from  the  Earth  that  the  latter  would  not  control  it  and 
determine  the  time  of  its  rotation.  But  some  perturbation  acting  just 
at  the  critical  moment,  might  have  brought  it  to  the  point  where  its 
projectile  force  was  balanced  by  the  Earth's  attraction,  and  so  it  might 
have  taken  its  present  orbit  around  our  globe. 
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FIFTEENTH  MEETING. 

August  6th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A.,  occu- 
pied the  chair. 

The  following  communications  were  received  :  From  Rev.  T.  E. 
Espin,  of  Tow  Law,  England,  who  forwarded  circular  No.  42,  of  the 
Wolsingham  Observatory  ;  from  the  Secretary  of  the  Meaford  Astronomi- 
cal Society,  transmitting  the  annual  fee  for  affiliated  membership  ;  from 
Mr.  W.  N.  Greenwood,  of  Lancaster,  England,  who  wrote  as  follows : 

Glasson  Dock,   Lancaster, 

13th  July,  1895. 

Tht  Secretary,  Atitronomlcal  and  Physical  Society,  Toronto,  Canada  . 

Dear  Sir, — 

Long  ere  this,  I  expected  to  be  in  a  position  to  •give  you  a  satisfactory  answer 
to  your  letter  of  the  20th  April  last,  by  sending  your  Society  a  paper  which  you 
kindly  ask  on  Unification  of  Time.  Circumstances  are  against  me,  however,  and 
I  cannot  make  them  move  so  fast  as  I  could  wish,  nevertheless,  in  a  short  time  I 
hope  to  be  able  to  accomplish  the  end  in  view,  and  my  intentions  re  the  paper  in 
question.  That  you  may  see  what  I  am  doing  in  respect  to  it,  I  enclose  you  a 
circular  letter  that  I  have  addressed  to  a  large  number  of  representative  nautical 
men,  individually  aud  collectively,  through  their  Societies  in  this  country.  It  is 
their  answer  to  the  three  or  four  questions  asked  that  is  delaying  me  just  now. 
Please,  therefore,  consider  that  I  have  the  matter  in  hand  and  at  heart,  and 
accept  my  apology  for  any  seeming  delay  in  acknowledging  your  kindness  and 
the  courtesy  of  your  Society  in  requesting  my  opinion  on  such  a  siibject  as  the 
Unification  of  Time. 

Accept  my  thanks  also,  for  the  copy  of  your  Journal  so  kindly  sent.  I  find 
it  most  interesting  reading,  and  until  I  fulfil  my  obligation  to  your  Society, 
believe  me. 

Yours  faithfully, 

H.  Nelson  Greenwook. 

Mr.  Elvins  presented  a  drawing  of  a  part  of  the  lunar  surface  ;  he 
had  chosen  the  sea  of  Nectar  as  illustrating  another  example  of  what 
he  believed  to  be  the  evidence  of  the  action  of  water  in  past  ages  in 
breaking  down  the  wall  of  a  ring  plain.  Mr.  G.  G.  Pursey  reported 
having  observed  on  August  5th,  between  forty  and  fifty  spots  on  the 
Sun's  disc.  He  thought  these  had  chiefly  broken  out  on  the  side  of  the 
Sun  turned  towards  the  Earth.  IVlr.  Miller  had  observed  these  also,  but 
had  noted  among   them   some    five   or   six    which    had    come   round  the 
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limb  by  rotation.  Mr.  Miller  had  also  observed  on  the  evening  of 
August  5th,  a  very  brilliant  meteor,  giving  the  appearance  of  a  trans- 
lucent glowing  cloud  rather  than  that  of  a  solid  body  raised  to  incan- 
descence. He  estimated  the  diameter  to  have  been  about  fifteen  min- 
utes of  arc.  The  meteor  had  passed  between  y  and  o  Ursa  Majoris  and 
Arcturus. 

Mr.  Phillips  then  read  some  notes  on  the  law  of  the  "  conservation 
of  areas,"  and  maintained  that  there  was  no  evidence  that  this  had  been 
followed  in  the  evolution  of  the  solar  system,  as  it  must  have  been  if  the 
nebular  hypothesis  were  correct.  Mi'.  Phillips  held  that  the  equations 
which  apparently  prove  that  the  Sun  rotated  in  the  same  time  as  a  given 
planet  now  revolves  when  it  was  extended  out  to  the  latter's  orbit,  are 
entirely  useless  and  have  no  bearing  whatever  on  the  question.  He 
instanced  particularly  the  Earth  and  Moon  system  and  said  that  no 
matter  what  value  be  given  to  the  rotation  of  the  Earth  at  present  we 
have  always  the  same  result  at  the  distance  of  the  Moon.  He  held, 
therefore,  that  there  is  no  real  connection  at  all  between  the  axial  rota- 
tion of  the  Earth  and  the  sidereal  revolution  of  the  Moon.  The  discus- 
sion became  general  and  several  members  took  part  ;  the  views  of  some 
authoritative  writers  on  this  question  were  read  adverse  to  Mr.  Phillips. 
The  latter  stated,  however,  that  these  authors  were  most  certainlv  in 
error. 


SIXTEENTH  MEETING. 

August  20th  ;  Rev.  C.  H.  Shortt,  M.A.,  occupied  the  chair. 

It  was  moved  by  Mr.  Andrew  Elvins,  seconded  by  Mr.  Arthur 
Harvey,  F.R.S.O.,  and 

Resolved,  That  as  some  mark  of  the  appreciation  of  this  Society  of 
the  original  work  done  and  of  the  important  results  obtained  by  him  in 
the  field  of  spectroscopy.  Prof.  James  Edwin  Keeler,  D.  Sc,  of 
Allegheny,  Pa.,  be  and  is  hereby  elected  an  honourary  member  of  this 
Society  in  the  room  and  stead  of  Prof.  Daniel  Kirk  wood,  LL.D., 
deceased.      This  was  carried  unanimously. 

On  instructing  the  Secretary  to  enrol  Prof.  Keeler  as  an  honouraiy 
member,  the  Chairman  stated  that  the  Society  would  be  highly  honoured 
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bv  having  such  a  distinguished  astronomer  so  intimately  connected  with 
it,  one  who  had  on  many  occasions  shown  the  utmost  courtesy  to  its  mem- 
bers. 

A  letter  was  read  from  ^Ir.  H.  C.  Howard,  of  Winnipeg,  making  in- 
quiries regarding  the  woi'k  of  the  Society,  etc.  The  Secretary  was  instruc- 
ted to  forward  to  Mr.  Howard  a  copy  of  the  Society's  last  publication, 
and  to  request  him  to  endeavour  to  form  a  branch  of  the  Society  in  his 
localit}".  Mr.  Thos.  Lindsay  stated  that  he  had  during  the  past  week 
received  a  visit  from  Mr.  W.  J.  L.  McKay,  of  Orange ville,  and  in  company 
with  him  had  called  upon  several  of  the  members  and  also  at  the  Toronto 
Observatory.  Mr.  F.  I..  Blake,  Chief  Observer,  had  very  kindly  placed 
the  large  telescoj)e  at  the  service  of  his  visitors.  Excellent  views  of 
Venus  were  obtained,  at  3  o'clock  in  the  afternoon.  A  power  of  500 
was  used  with  very  fair  success  ;  a  power  of  300  ga\  e  a  most  satisfactory 
view  of  the  planet,  surface  markings  being  clearly  seen. 

Mr.  McKay  was  elected  an  associate  member  of  the  Society. 

Several  members  reported  having  observed  the  Per.seid  Meteors,  be- 
tween August  10th-13th.  The  display  had  not  been  particularly  notice- 
able but  some  very  tine  meteors  had  been  seen  by  Mr.  W.  B.  Musson  on 
the  evening  of  August  10th.  Mr.  Pursey  reported  that  the  solar  surface 
was  less  active  than  it  had  been  earlier  in  the  month.  Two  groups  were 
near  the  middle  of  the  disc,  four  or  five  spots  in  each,  facuht  not  very 
conspicuous. 

Mr.  Harvey  read  some  interesting  notes  on  the  rings  of  Saturn. 
He  had  studied  the  drawing  made  by  Miss  Brook  at  Dr.  Wadsworth's 
1 2-inch  reflector  and  had  also  observed  with  his  own  3-inch  refractor, 
having  faintly  glimpsed  the  concave  outline  of  the  shadow  of  the  ball 
upon  the  ring.  By  a  series  of  diagrams  and  a  model  ]Mr.  Harvey 
demonstrated  that,  granting  the  accuracy  of  the  drawing,  a  section  of 
Saturn's  ring  must  be  either  lenticular  or  elliptical — the  ellipse  having 
its  major  axis  }jerhaps  eight  or  ten  times  as  long  as  the  minor.  It  was 
shown  from  the  principles  of  projection  that  if  the  rings  were  flat  the 
edge  of  the  shadow  would,  in  effect,  be  elliptical,  with  curvature  toward 
the  planet.  Following  Prof.  Keeler's  confirmation  of  the  theoretical 
proof  that  the  rings  are  composed  of  solid  bodies,  the  inn^r  moving 
faster  than  the  outer,  this  observation  of  the  shadow  and  the  deduction 
therefrom  appeared  to  reveal  an  interesting  fact. 
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SEVENTEENTH  MEETING. 

September  3rd  ;  Rev.  C.  H.  Shortt,  M.A.,  in  the  chair. 

A  cordial  letter  was  read  from  the  editor  of  Knowledge,  London, 
Eng.,  who  had  kindly  forwarded  specimen  copies  of  the  periodical  to 
the  members  of  the  Society.  Special  attention  was  called  to  the  plates 
reproducing  Dr.  Roberts'  photographs  of  the  sideieal  heavens. 

The  Corresponding  Secretary  read  the  following  letter  from  Prof. 
James  E.  Keeler  : — 

^Li.EOHENY  Observatory,  Allegheny,  Pa.,  Aug.  24,  1895. 
G.  E.  Ltcmsdeii,  E'i(j.,  Corresponding  Secretary  of  the  Astronomical  and  Physirnl 
Society  of  Toronto  : 

My  Dear  Mr.  Lumsdkn, — Your  letter,  informing  me  that,  the  Astronomical 
and  Physical  Society  of  Toronto  elected  me  an  honorary  member  at  its  last 
meeting,  has  just  been  received.  It  is  needless  to  say  that  I  value  highly  this 
signal  mark  of  the  Society's  approval,  and  I  beg  that  you  will  convey  to  the  mem- 
bers my  heartfelt  thanks,  and  the  assurance  of  my  sincere  appreciation  of  tlie 
lionor  they  have  clone  me. 

With  regard  to  my  spectroscopic  observations  of  Saturn,  it  is  proper  to  point 
out  that  Prof.  Seeliger,  in  a  very  interesting  article  in  the  Astronomische  Nach- 
richten  (No.  3,295),  lias  taken  exception  to  my  conclusion  that  these  observations 
afiford  a  proof  of  the  meteoric  constitution  of  the  ring,  as  distinguished  from  a 
confirmation  of  the  accepted  views.  I  have  lately  written  a  note,  which  will 
probably  be  printed  in  the  Afitronomische  Nachrichten,  in  defence  of  my  original 
position  ;  at  the  same  time  I  have  no  intention  of  claiming  for  these  observations 
anything  that  is  not  justly  their  due.  What  their  value  may  be  I  am  well  content 
to  leave  to  the  estimation  of  others. 

For  some  time  past  I  have  been  engaged  (among  other  things)  in  experiments 
on  photographing  planetary  spectra,  and  have  succeeded  in  obtaining  excellent 
photographs  extending  to  a  considerable  distance  below  the  D  lines.  The  disper- 
sion is  pretty  high  (the  same  as  that  employed  in  my  Saturn  photographs)  and  the 
D  lines  are  widely  separated.  These  spectra,  therefore,  include  the  principal 
telluric  bands  of  water  vapour  about  which  there  has  recently  been  so  much  said  in 
connection  with  the  spectrum  of  Mars.  At  the  next  opposition  of  Mars  all  the 
questions  relating  to  the  bands  of  water  vapour  in  its  spectrum  can  be  settled  by 
photography.  Unfortunately  Mars  was  out  of  reach  before  mj^  experiments 
"began.  The  oliservations,  however,  to  be  of  real  value  as  a  test  of  the  existence 
of  an  atmosphere,  will  probably  have  to  be  made  in  some  more  favoured  climate. 

Yours  very  sincerely, 

James  E.  Keeler. 

A  report  of  the  work  of  the  Lunar  section  was  received.  The  last 
meeting  had  been  held  at  Mr,   Lumsden's  residence,  when  his  10|  inch 
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reflector  had  been  very  successfully  used  iu  the  observation  of  lunar 
features.  A  copy  of  the  work  on  the  Moon  by  Mr.  T.  Elger,  F.R.  A.S., 
had  been  shown  to  the  members  and  much  admired.  The  maps  were 
thought  to  be  of  greater  excellence  than  any  yet  published,  while  the 
style  and  arrangement  of  the  text  were  such  as  to  commend  the  whole 
"work  at  once  to  the  amateur  and  the  more  advanced  student.  Mr.  W. 
B.  Musson,  referring  to  the  w^ork  on  the  Moon  which  amateurs  might 
engage  in,  pointed  out  the  advantages  to  be  gained,  as  he  had  learned 
through  experience,  by  studying  a  small  portion  of  the  lunar  di.sc  at  one 
time  and  not  attempting  more  until  that  liad  been  thoroughly  learned. 

Mr.  A.  F.  Miller  read  some  notes  on  observations  of  the  Sun  and 
especially  of  the  large  spot  then  upon  the  solar  disc.  On  September  l.st 
the  spot  had  been  well  seen  with  the  eye  unaided.  The  umbra  measured 
16,240  miles  in  length,  by  10,680  in  width.  A  peculiarity  was  a  bright 
bridge  extending  partially  across  the  middle  of  the  umbra.  This 
measured  6,500  miles  in  length  by  4,000  in  width.  A  drawing  of  tliis 
object  was  shown  by  Mr.  Lumsden,  who  had  also  observed  it  in  his 
reflector. 

THE    UNIFICATION    OF    TIME. 

Mr.  G.  E.  Lumsden  addressed  the  Society  in  review  of  the  work  of 
the  Joint-Committee  on  the  Unification  of  Time  and  presented  the  vaii- 
ous  reports  which  had  been  received  through  the  Governor-General's 
Oflice  from  the  Colonial  Secretary,  embodying  the  rej)lies  of  the  Ej)lie- 
meris-])ublishing  nations  interested  in  the  proposed  change  in  Time 
Reckoning. 

[copy.] 
United  States  of  America. 

Washington,  26th  October,  1894. 

My  Lord, — ^With  reference  to  Your  Lordship's  circular-despatch  of  this  series 
of  the  2'2ncl  ultimo,  transmitting  a  copy  of  a  Memorial  from  a  Joint-Committee, 
appointed  by  The  Canadian  Institute  and  The  Astronomical  and  Physical  Society 
of  Toronto,  advocating  that  the  Astronomical  and  Nautical  Days  should  be 
arranged  everywhere  to  commence  at  Mean  Midnight  and  that  this  change  should 
take  effect  on  the  first  day  of  the  next  century,  I  have  the  honour  to  inform  Your 
Lordship  that  I  brought  the  matter  to  the  notice  of  the  United  States'  Govern- 
ment. The  Secretary  of  State  in  his  reply,  informed  me  that  the  members  of  the 
United  States'  Naval  Observatory  are  adverse  to  the  Canadian  proposition  and  he 
10 
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furnished  me  with  a  copy  of  their  report,  which  I  have  the  honour  to  enclose 
herewith  to  Your  Lordship.     I  have,  etc., 

(Sgd.)         W.  E.  GoscHEN. 
Tlie  Earl  of  Kimberly, 

etc.,  etc.,  etc.,  etc. 

[exclosuke.] 

United  States'  Naval  Observatory, 

Washington,  16th  October,  1894. 

1.  In  compliance  with  the  Bureau's  second  endorsement  of  the  Stli  instant » 
covering  a  Memorial  relative  to  the  Astronomical  Bay,  transmitted  through  the 
regular  official  channels  from  a  Joint-Committee  appointed  by  The  Canadian 
Institute  and  The  Astronomical  and  Physical  Society  of  Toronto,  we  have  the 
honour  to  submit  the  following  report : — 

2.  The  Memorial,  in  question,  proposes  the  Unification  of  the  Astronomical, 
Nautical  and  Civil  Days  by  making  them  all  commence  at  midnight.  This  pro- 
posal was  originally  made  by  The  Washington  International  Meridian  Conference 
of  1884,  and  was,  subsequently,  very  carefully  considered  by  the  official  astrono- 
mers of  the  leading  coixntries  which  publish  astronomical  ephemerides,  but  the 
general  consensus  of  opinion  was  so  far  against  the  proposed  change  that  no  steps 
were  taken  to  bring  it  about. 

3.  The  present  practice  of  counting  astronomicnl  mean  time  from  noon,  or,  in 
other  words,  from  the  transit  of  the  Sun  across  the  meridian  is  in  exact  conformity 
with  the  practice  of  counting  sideral  time  from  the  transit  of  the  vernal  equinox 
across  the  meridian,  and  both  systems  have  been  adopted  because  of  their  superior 
convenience  for  astronomical  purposes.  The  resulting  advantage  will  not  be  less 
important  in  the  future  than  in  the  past,  and  to  make  any  change  in  either  system 
would  only  introduce  needless  incongruitj'. 

4.  The  change  recommended  by  the  Joint-Committee  would  necessarily 
involve  the  ephemerides  in  other  systematic  changes  relating  to  sideral  and  solar 
time,  respecting  which  the  Memorial  makes  no  suggestions,  but  which,  we  think, 
would  be  very  difficult  to  effect  without  causing  confusion. 

5.  As  the  astronomical  observations  and  ephemerides  made  prior  to  the  year 
1900  must  continue  to  be  used  for  many  centuries,  the  pi-oposed  change  would 
greatly  complicate  the  work  of  astronomers  by  compelling  the  constant  employ- 
ment of  two  different  systems  of  counting  days,  viz.,  one  for  all  observations  prior 
to  1900,  and  another  for  all  observations  subsequent  to  that  date. 

6.  All  navigators  are  now  accustomed  to  nautical  almanacs  in  which  the  hours 
are  reckoned  from  noon,  and  the  introduction  of  new  ones  in  which  the  reckoning 
was  from  midnight  would  be  so  confusing  to  them  that  it  would  probably  cause 
many  errors  in  the  determinations  of  the  positions  of  ships. 

7.  We  believe  the  Memorialists  are  mistaken  in  supposing  that  the  proposed 
change  offers  any  advantages  sufficient  to  compensate  for  all  these  inconveniences. 
The  use  of  astronomical  time  is  confined  to  astronomical  work,  and  cannot  possibly 
affect  the  people  at  large  because  they  have  never  anything  to  do  with  it.      Why 
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then  make  a  change  which  will  inflict  permanent  inconvenience  upon  those  most 
concerned  without  benefit  to  others  ? 

8.  In  view  of  the  above  facts,  we  are  decidedly  opposed  to  any  change  in  the 
existing  mode  of  reckoning  astronomical  time,  and,  therefore,  recommend  that  no 
departure  be  made  from  the  present  system. 

(Sgd.)         F.  V.  McNair, 
Captain  U.  S.  N. ,  Superintendent  of  the  Naval  Observatory. 
(.Sgd.)         S.  Newcomb, 
Professor  of  Mathematics  U.  S.  N. ,  Director  of  the  Nai;tical  Almanac. 

(Sgd.)         Wm.  Hakkxess, 
Professor  of  Mathematics  U.  S.  N.,  Astronomical  Director  of  the  Naval  Observatory. 

[copy.] 
Spain. 

Madrid,  lOtli  November,  1894. 
My  Lord, — With  reference  to  the  circular  from  Your  Lordship's  department 
of  the  22nd  September,  I  have  the  honour  to  transmit  herewith  translation  of  a 
note  from  the  Spanish  Government,  stating  that  they  are  prepared  to  adopt  the 
scheme  for  the  Unification  of  the  Astronomical  and  Nautical  Days  in  1901,  if  it 
appears  that  the  majoritj'  of  nations  who  publish  astronomical  ephemerides  are 
desirous  of  the  change.      I  have,  etc., 

(Sgd.)         H.  Dkl'mmond  Wolff. 
Earl  of  Kimberly,  K.G., 

etc.,  etc.,  etc.,  etc. 

[enclosure.  ] 

MiNiSTERio  DE  E.STADO,  7th  November,  1894. 
Your  Excellency, — I  have  the  honour  to  inform  Your  Excellency  in  answer 
to  a  despatch  from  the  Embassy,  dated  25th  September  last,  in  regard  to  the 
Unification  of  Nautical  and  Astronomical  Days,  that  my  colleague,  the  Minister  of 
Marine,  to  whom  I  referred  the  matter,  without  for  his  part  proposing  or  desiring 
the  said  change,  is  quite  prepared  for  his  Government  to  accept  the  change  in 
1901,  if  before  1896  it  is  showTi  that  the  majority  of  the  ephemerides'  offices  which 
regularly  issue  nautical  almanacs  are  in  favour  of  it.     I  have,  etc., 

(Sgd.)        Alexander  Groizakd. 
His  Excellency  Sir  H.  Drummoiid  Wolff'. 


[copy.  ] 

France. 

Paris,  October  16th,  1894. 

My  Lord,— I  have  the  honour  to  inform  Your  Lordship  that  I  have  addressed 
a  note  to  the  French  Government  in  the  terms  of  Your  Lordships  despatch- 
circular  of  this  series  of  September  22nd,  and  that  the  matter  has  been  referred  to 
the  Ministers  of  Marine  and  Public  Instruction.     I  have,  etc. , 

(Sgd.)         C.  Phipps. 
To  Her  Majesty's  Principal  Secretary  of  State  for  Foreign  Afi'airs. 
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No  official  reply  having  Vjeeii  received  from  France,  at  Mr.  Luras- 
den's  request,  Mr.  Arthur  Harvey,  F.R.S.C,  read  the  following  summary 
of  the  report  to  the  Ministry  by  the  Bureau  of  Longitudes,  published  at 
length  in  Cosmos,   February  2n(l,  1895  : — 

1.  The  Bureau  of  Longitudes  is  favourable  to  the  jjrinciple  of  the 
reform  ])roposed  by  the  Canadian  Institute  for  the  change  in  the  begin- 
ning of  the  Astronomical  Day. 

2.  The  Bureau  thinks  that  as  the  Lords  of  the  Admiralty  obser\  e, 
the  reform  would  not  be  efficacious  without  an  understanding  among  the 
Governments  which  publish  the  principal  ephemerides. 

3.  Finally,  considering  that  the  unification  of  time  will  not  be  com- 
plete until  the  Civil  Day  is  reckoned  from  0  to  24  o'clock,  as  is  done  in 
Italy,  the  Bureau  hopes  this  reform  will  be  realized  at  the  earliest 
possible  date. 

In  the  body  of  the  Report,  which  is  interesting  and  exhaustive,  tlie 
Bureau  says  that  if  the  Connaissance  des  Temps,  the  Nautical  Almanacs 
of  Greenwich  and  Washington,  and  the  Berliner  Jahrhuch  were  to  adopt 
the  unification  of  time  simultaneously,  all  other  publications  would  have 
to  follow  them. 

Some  members  of  the  Bureau  were  disposed  to  advise  that  all  risks 
be  run,  and  the  new  system  adopted  in  the  Connaissance  des  Temps,  but 
the  majority  thought  that  the  confusion  which  might  ensue  would  be 
too  considerable,  as  posterity  ought  not  to  have  the  trouble  of  making 
corrections  for  each  country  in  reducing  astronomical  observations. 

That  the  time  would  come  when  the  reform  would  be  made  they  did 
not  doubt,  for  tlie  demand  for  it  becomes  more  and  more  imperative 
every  day,  and  it  cannot  come  too  soon. 


[copy.] 
Hungary. 

Vienna,  22n(i  May,  1895. 
My  Lord, — With  reference  to  my  despatch  of  this  series  No.  23,  of  the  3rd 
inst. ,  I  have  the  honour  to  transmit  to  your  Lordship  herewith,  translations  of  a 
further  note  and  its  enclosures,  as  marked  in  the  margin,  with  regard  to  the 
proposed  amalgamation  of  the  Astronomical  and  Nautical  with  Civil  Days.  I 
have,  etc., 

(Sgd.)         Edmukd  Monson. 

Her  Majesty's  Principal  Secretary  of  State  for  Foreign  Aflfairs. 
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[copy.] 

Foreign  Office,  28th  May,  189o. 
Sir, — I  am  directed  by  the  Secretary  of  State  for  Foreign  Affairs  to  transmit 
to  you,  to  be  laid  before  the  Secretary  of  State  for  the  Colonies,  a  despatch  as 
marked  in  the  margin,  from  Her  Majesty's  Ambassador  at  Vienna,  on  the  subject 
of  the  Unification  of  the  Astronomical,  Nautical  and  Civil  Days.  It  is  requested 
that  this  despatch  may  be  forwarded  in  due  course  to  the  Admiralty.     I  am,  etc., 

(Sgd.)         E.  Grey. 
The  Under  Secretary  of  State,  Colonial  Othce. 


[copy.] 

Downing  Strekt,  10th  June,  189"). 
My  Lord, — I  have  the  honour  to  transmit  to  you  for  the  information  of  your 
Government,  with  reference  to  previous  correspondence  on   the  subject,  copy  of 
the  documents  noted  below,  regarding  the  proposed  Unification  of  Astronomical, 
Nautical  and  Civil  Days.     I  have,  etc., 

(Sgd.)         K.  H.  Mkade  (for  the  S.  of  S.). 
The  Officer  administering  the  Government  of  (Canada. 


(  Enclo-nircji. ) 

[copy.  ] 

Translation  of  a  Report  of  the  Sub-Commission  of  the  Thii-d   Section  of  the 

Hungarian  Academy  of  Science  of  Budapest  with  regard  to  the  Memorandum  of 

The  Canadian  Institute  and  of  The  Astronomical  Society,  respecting  the  Unification 

of  the  Astronomical  and  Nautical  with  Civil  Day  : 

Budapest,  February  18th,  1895. 
The  Commission  appointed  by  the  two  above- meiitioned  Academies  of  Science, 
and  consisting  of  seven  members,  under  the  presidency  of  Mr.  Sandford  Fleming, 
proposes  putting  an  end  to  the  numerous  and  often  serious  mistakes,  caused  by  the 
three-fold  system  of  reckoning  the  Civil,  Astronomical  and  Nautical  Day,  and,  to 
this  end,  moves  that,  from  January  1st,  1901,  the  Astronomical  Day,  like  the 
Civil  Da}',  should  begin  at  midnight.  This  concession  on  the  part  of  astronomers 
should  find  a  response  in  the  adoption  of  the  system  numbering  the  hours  from  0 
to  24,  as  it  now  exists  in  Italy,  Canada  and  the  East  Indies.  The  Commission,  on 
April  21st,  1893,  put  the  question  to  a  large  number  of  astronomers  all  over  the 
world,  whether  they  were  ready  or  not  to  accept  this  alteration.  Of  these,  IDS 
answered  "  Yes,"  and  63  "  No."  Unfavourable  answers  were  received  only  from 
Germauj',  Norway,  Holland  and  Portugal.  The  Sub-Commission  appointed  by 
the  Third  Section  of  the  Hungarian  Academy  of  Science  fully  shares  the  view 
taken  by  the  Commission  of  Toronto,  and  deems  it  advisable  that  from  the  first 
day  of  next  century  there  should  be  a  unification  of  the  Civil,  Astronomical  and 
Nautical  Day,  which,  however,  M^ould  make  it  necessary  for  the  Nautical  Alman- 
acs, and  all  such  year-books  published  for  nautical  purposes,  to  reckon  the  day 
accordingly. 

(Sgd.)  NiCOLAU.S    KONKOLT. 

Dr.  Gustav  Kondor. 
AUGU.ST  Heli.er. 
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[copy.  ] 

Translation  of  an  extract  from  the  protocol  of  the  sitting  held  by  the  Third 
Section  of  the  Hungarian  Academy  of  Science  on  February  18,  1895  : — "  6.  The 
proposal  made  to  the  Academy  by  The  Canadian  Institute,  and  referred  to  its 
Third  Section,  respecting  the  uniticatiou  of  time  reckoning,  has  been  dealt  with  by 
the  Sub-Commission  ajjpointed  to  consider  it,  whose  report  was  read  out.  The 
♦Section  adopts  this  report  unanimously,  and  presents  it  to  the  General  Assembly." 


•  [copy.] 

May  16th,  1895. 
In  continuation  of  their  note  of  the  18th  ult. ,  the  Ministry  for  Foreign  Affairs 
has  the  honour  to  transmit  to  Sir  E.  Monson,  translation  of  the  report  of  The 
Hungarian  Academy  of  Science  respecting  the  Memorandum  of  the  Committee  of 
The  Canadian  Institute  and  of  The  Astronomical  and  Physical  Society  of  Toronto, 
dealing  with  the  Unification  of  Time  reckoning. 

(Sgd.)  CZIRAKI. 

His  Excellency  Sir  E.  Monson,  G.C.  M.G. 


[copy.  ] 

Translation  of  an  extract  from  the , protocol  of  the  sitting  held  by  the  General 
Assembly  of  the  Hungarian  Academy  of  Science,  on  March  19th,  1895  : — "  72.  The 
Third  Section  moves  the  acceptance  of  the  innovation  proposed  by  The  Canadian 
Institute  and  The  Astronomical  and  Physical  Society  of  Toronto,  whereby  the 
Day,  Civil,  Astronomical  and  Nautical,  should  begin  at  Alidnight  from  January 
1st,  1901,  onward,  and  also  that  the  hours  of  the  day  should  be  numbered  from 
0  to  24. "     This  motion  passed. 


[copy.  ] 
Brazil. 

DowMNfi  Street,  15th  March,  1895. 
My  Lord, — I  have  the  honour  to  transmit  to  Your  Lordship,  for  communica- 
tion to  your  Government,  with  reference  to  previous  correspondence,  a  copy  of  the 
under  mentioned  document.     I  have,  etc., 

(Sgd.)         R.  H.  Meade,  for  the  S.  of  S. 
The  Officer  Administering  the  Government  of  Canada. 

[enclosure.] 

Rio  de  Janiero,  30th  January,  1895. 
My  Lord, — With  reference  to  Your  Lordship's  circular-despatch  of  this  series 
of  the  22nd  of  September  last,  on  the  subject  of  the  arrangement  of  Astronomical 
and  Nautical  Days  during  the  next  century,  I  have  the  honour  to  report  that  I 
have  been  informed,  by  the  Minister  of  Foreign  Aifairs,  that  the  Brazilian  Govern- 
ment have  decided  to  adhere  to  the  proposed  arrangement,  which  they  will  adopt 
in  all  publications  of  a  scientific  or  techn'cal  nature  from  the  1st  of  Januarj',  1901. 

I  have,  etc., 

(■"^gd. )         GeorCxE  Grkville. 
The  Earl  of  Kimberly,  K.G.,  etc.,  etc.,  etc.,  etc. 
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[copy.] 

Mexico. 

Mexico,  23rd  January,  1895. 
My  Lord, — On  receipt  of  Your  Lordship's  despatch-circular  of  this  series 
<lated  22nd  of  September  last,  II.  M.  Charge  d'Affaires  invited  the  Mexican  Gov- 
ernment to  state  their  views  as  to  the  desirability  of  the  Astronomical  and 
Nautical  Days  being  arranged  to  commence  at  Mean  Midnight  from  the  first  day 
of  the  next  century,  as  advocated  by  The  Canadian  Institute  and  The  Astronomi- 
cal and  Physical  Society  of  I'oronto,  copy  of  the  Memorial  of  the  Joint-Committee 
being  annexed  for  their  information.  I  have  now  the  honour  to  forward  to  Your 
Lordship  copy  and  translation  of  a  note  which  I  have  received  in  reply  from  the 
Mexican  Minister  for  Foreign  Affairs,  informing  me  that  in  the  opinion  of  the 
Secretary  for  War  and  Marine,  no  objection  exists  to  the  adoption  of  the  course 
advocated  by  the  Joint-Committee  above  referred  to.     I  have,  etc., 

(Sgd. )         Henry  Mevill  Bering. 
The  Earl  of  Kimberly,  K.G. 

[enclosures.] 

Foreign  Office,  Mexico,  January  19th,  1895. 
M.  LE  Ministre, — ^With  reference  to  the  note  which  I  sent  to  your  Legation 
on  the  9th  of  November  last,  I  have  the  honour  to  forward  to  Your  Excellency 
copy  of  a  communication  from  the  Department  of  War  and  Marine,  from  which 
you  will  observe  that  it  finds  no  dithculty  in  approving  the  proposal  made  by  the 
Joint-Committee  of  The  Canadian  Institute  and  The  Astronomical  and  Physical 
Society  of  Toronto,  which  has  for  its  object  the  abolition  of  the  present  Astro- 
nomical Day,  arranging  for  it  to  commence,  from  the  first  day  of  the  next  century, 
at  Mean  Midnight  in  all  parts  of  the  world.      I  avail  myself,  etc.. 


(Sgd.)         Ign.  Mariscal. 


His  Excellency,  Henry  Nevill  Dering, 
etc. ,  etc.,  etc.,  etc. 


Mexico,  January  1 6th,  1895. 
Ministry  of  War  and  Marine,  Mexico,  Department  of  Special  Statf  Corps, 
Fifth  Section,  No.  16,  719. 
In  reply  to  your  courteous  despatch,  dated  the  10th  of  November  last,  in 
which  you  state  that  Her  British  Majesty's  Consul  sent  to  your  Department  a 
note  enclosing  a  Memorial  of  the  Joint-Committee  of  The  Canadian  Institute  and 
The  Astronomical  and  Physical  Society  of  Toronto,  advocating  the  Unification  of 
the  Civil,  Astronomical  and  Nautical  Days,  I  have  the  honour  to  inform  you  that, 
as  far  as  this  Department  is  concerned,  no  objection  exists  to  the  approval  of 
the  proposal  for  the  said  unification  in  the  terms  suggested,  already  approved  by 
the  majority  of  astronomers  of  the  various  nations  of  the  world,  to  take  effect  on 
the  first  day  of  the  coming  century. 

(Sgd.)  J.   M.   ESCUDERO. 

To  the  Minister  for  Foreiirn  .Affairs.  Mexiio. 


80  The  Astronomical  and  Physical  Society  of  Toronto. 

A  lengthy  leply  had  also  been  received  from  the  Government  of 
Austria,  reviewing  the  proposal,  and  finally  agreeing  to  follow  the 
example  of  the  Lords  Commissioners  of  the  Admiralty  regarding  the 
Ephemeris. 

Mr.  Luuisden  then  stated  that  the  text  of  the  Third  Report  of  the 
Joint-Committee  would  be  read  at  the  next  meeting  of  the  Society. 

Mr.  Arthur  Harvey,  F.R.S.C.,  then  read  the  following  pa])er  on 

THE  CONTRAST  BETWEEN  LUNAR  AND  TERRESTRIAL  FEATURES. 

Until  we  disprove  the  conclusions  of  Laplace,  which  thus  far  present 
the  only  theory  which  satisfies  the  conditions  observed  in  the  celestial 
universe,  we  shall  do  well  to  keep  our  speculations  within  the  bounds  of 
his  nebular  hypothesis,  viz. :  that  the  Sun's  atmosphere  once  extended  to 
the  orbit  of  the  furthest  planet,  and  that  as  this  gaseous  agglomeration 
rotated,  and  the  central  parts  of  it  contracted,  successive  spherical  shells 
were  under  the  influence  of  centrifugal  force  thrown  ofT  or  left  behind — 
equatorially  jdaced  with  respect  to  tlieir  parent  Sun.  They  did  not 
maintain  themselves  as  rings,  but,  in  due  course,  became  condensed  into 
the  several  planets,  in  whose  case  the  process  was  repeated  on  a  smaller 
scale,  the  most  perfect  of  the  secondary  systems  being  the  microcosm  of 
Saturn,  a  belted  orb  which  is  ringed  with  meteors  and  controls  eight 
circling  satellites. 

Each  shell  generally  produced  one  planet,  but  that  interior  to  Jupi- 
ter broke  under  his  influence  into  hundreds  of  planetoids,  and  when  the 
ring  was  thrown  off  which  has  become  our  dwelling,  either  two  centres 
of  attraction  were  set  up  in  close  })roximity,  or,  as  Laplace  believed,  the 
Earth,  yet  nebulotis,  separated  into  two.  Twin  planets  thus  came  into 
being.  Terra  and  Luna,  with  present  diameters  of  7,926  and  2,160  miles 
respectively. 

If  the  Moon  was  whirled  oti"  by  the  Earth,  her  materials,  drawn  from 
the  outer  layers  of  a  condensing  body,  would  be  com])aratively  light.  If 
she  was  formed  about  an  independent  centre  of  attraction,  it  was  the 
feebler  one,  so  that  the  particles  directed  to  it  by  gravity  would  be  the 
lightest  and  least  numerous.  Either  view  is  consonant  with  the  fact 
that  the  density  of  the  Moon  is  only  0-63  to  the  Earth's  unity,  while 
0-165  represents  the  force  of  gravity  upon  its  surface,  compared  with 
unitv  for  the  Earth  ;  little  more  than  half  what  that  force  is  at  the  sur- 


TJi«  Astronomical  and  Physical  Society  of  Toronto.  81 

face  of  Mars.     A  nuich  smaller  portion  of  its  core  than  of  the  Earth's 
may  consist  of  metals. 

In  consequence  of  Prof.  Keeler's  spectroscopic  contiinialion  of 
Maxwell's  mathematical  proof  that  Saturn's  rings  are  not  coherent, 
and  that  their  parts  revolve  with  different  velocities  (tlie  outer  ones 
the  slowei),  nebula;  will  soon  be  subjected  to  new  discussions.  The 
successive  births  and  the  order  of  them  will  be  questioned.  The  rota- 
tion of  the  whole,  as  one  coherent  though  vaporous  body,  may  j)rove 
to  be  an  unnecessary  and  erroneous  assumption.  It  may  be  found 
that  instead  of  a  slowly  turning  Sun  of  enormous  size,  increasing  in 
velocity  as  he  contracted,  there  was  first  formed  within  a  spiral  nebula 
a  small  body  with  a  ra])id  gyration,  becoming  slower  as  it  drew  in  matter, 
harmoniously  sorting  into  a  concordant  family  of  planets  what  was 
beyond  its  power  to  absorb. 

We  can  well  suppose  that  the  Sun-nebula  was  glowing  throughout 
when  it  gave  off  these  shells,  and  that  as  each  planet  had  its  birth,  its 
substance  blazed  out  as  new  stars  ai-e  known  to  do.  The  Earth  and  the 
Moon  were  then  radiant  with  independent  light  and  heat,  though,  like 
all  the  other  planets  save,  peihaps,  Jupiter,  they  have  long  since  settled 
down  to  a  dull  existence,  with  merely  reflected  splendour.  Radiation 
into  space  has  cooled  their  surfaces,  though,  at  first,  they,  perhaps,  had 
photospheres  and  chromospheres  like  the  Sun's. 

Cooling,  on  the  Moon,  would  cause  slag  to  form  upon  its  surface,  and 
the  action  of  currents  in  the  melted  fiery  mass  would  make  such  scoriae 
collect  in  the  region  of  the  poles.  The  aggregation  of  ice  in  the  polar 
districts  of  the  Earth  is  quite  analogous.  Examine  the  Moon  through 
any  glass,  arid  resist  if  you  can  the  impression  that  you  are  looking  at 
a  quantity  of  such  floes,  which  have  drifted  together  to  form  extensive 
rounh  and  broken  surfaces.  The  greate&t  collection  is  at  the  south,  but 
Neison  correctly  speaks  of  the  region  about  Timoeus,  near  the  northern 
pole,  as  "  a  wild  labyrinthical  mass  of  mountains."  Where  such  areas 
were  driven  together,  huge  mountains  might  well  be  heaped  up,  and  at 
such  junctions,  presenting  the  lines  of  least  resistance  to  eruptive  Ibrces, 
volcanoes  would  develop,  if  at  all.  But  it  should  not  be  as.-umed  that 
lunar  craters  were  ever  volcanoes  similar  to  those  which  now  exist  upon 
the  Earth.  Their  great  size  and  the  regularity  of  their  circular  outlines 
forbid  the  idea.  They  are  divided,  it  is  true,  into  walled  plains,  ring 
plains,  crater  plains  and  craters,  but  the  division  is  very  arbitrary.  The 
11 
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walled  plains,  wliicli  differ,  indeed,  but  little  from  small  maria,  are  from 
40  to  150  miles  across,  the  ring  plains  from  20  to  60,  the  crater  plains  a 
few  miles  less,  and  the  craters  from  4  to  12.  but,  in  Nelson's  language, 
"no  distinct  line  of  separation  is  possible."  Then  we  liave  craterlets 
and  crater  ])its.  If  all  or  many  of  these  were  caused  by  eruptive  forces, 
there  must  have  been  great  collections  of  the  vapors  of  metals  and  other 
elements  pent  up  under  the  stiffening  surface,  which  raised  it  in  huge 
dome-like  shapes  to  burst  like  other  bubbles — the  sides  remaining  like 
circular  walls,  the  centres  falling  back  and  remeiting  at  a  lower  level. 
Such  a  process,  repeated  at  the  same  vent,  would  give  rise  to  tlie  terrac- 
ing observed  within  some  ciaters,  and  the  lava  would  congeal  iuto  a 
smooth  floor,  far  below,  when  the  eruptions  had  subsided.  This  conge- 
lation, proceeding  from  the  edges  towards  tlie  centre,  might  well  leave 
room  there  for  the  egress  of  enough  material  to  form  the  matnil/ce  so 
often  noted.  If  such  vapors  found  their  way  out  without  a  violent 
outburst,  the  conseqnent  subsidence  would  form  circular  pits,  without 
walls,  or  with  walls  of  slight  and  gentle  elevations,  where  the  edge  of  the 
abortive  volcano  had  been.  The  expansive  foice  of  pent  up  vapors 
must  be  as  violent  upon  the  Moon  as  here.  It  is  iriespeciive  of  gravity, 
nay,  we  may  well  conceive  that,  exerted  in  such  a  wa}',  it  would  lack 
the  corrective  forces  of  gravity  and  air-pressure  which  hero  exist. 
Under  several  thousand  feet  of  crust  it  would  have  enormous  power,  and 
the  crust  bi;ing  lighter  than  that  of  the  Earth,  volcanoes  on  the  Moon 
would  be  larger  tlian  they  could  be  here,  not  only  in  projiortion  but  in 
actual  size. 

As  a  v;iriation  of  this  theory  we  may  suppose  that  such  vapors,  on 
meeting  at  the  surface  the  cold  of  space,  might  condense  and  liuild  up 
the  walls  we  see,  which  would  be  circular,  for  in  the  absence  of  air  no 
wind-influence  would  cari-y  off"  thn  pi-oducts  of  condensation,  which  would 
fall  with  great  regularity  as  to  distance  aiound  the  central  duct.  In 
the  later  stages  of  the  existence  of  such  a  lunar  volcano,  these  conden- 
sing vapors  would  form  the  mamillie  or  central  mounds  which  exist  in 
most  of  them. 

It  is  evident  that  some  craters,  with  more  or  less  distorted  outlines, 
are  more  ancient  than  other.s.  The  circular  ones  were  plainly  formed 
after  the  crust  had  become  well  solidified,  and  those  we  see  upon  the  low 
lying  })lains  or  maria  are  ])erha[)s  the  most  receut  of  them  all.  They 
are  surely  of  later  date  tlian  the  maria. 
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The  maria  are  badly  miscalled.  They  seem  to  be  comparatively  flat 
-depressed  sui-faces  of  rock,  and  it  is  quite  intelligible  that,  as  the  cooling 
of  the  Moon's  surface  proceeded,  some  shrinkage  in  its  bulk  would  occur, 
^o  that  the  spaces  last  left  fluid  svould  sink  a  little  lower  in  level  than 
the  shores.  These  flery  pools,  however,  as  the  centuries  stole  on,  lost 
the  heat  of  youth  and  solidified  also,  as  our  Kilauea  tnight  do  now. 
This  derives  some  probability  from  the  fact  that  in  most  craters  the  floor 
is  lower  than  the  surrounding  level.  Chacornac  is  reported  by  Neison 
as  saying  that  the  surface  of  the  great  grey  maria  appears  to  have  been 
fluid  long  after  the  principal  formations  of  the  Moon  had  become  per- 
inanently  rigid. 

If  recent  deductions  from  the  kinetic  theory  of  gases,  as  to  the 
ultimate  velocity  of  their  molecules,  are  well  founded,  there  can  never 
have  been  air  on  the  moon,  like  ours,  and  hardly  water.  Free  hvdiogen 
leaves  even  the  Earth,  for  gravity  here  is  not  strong  enough  to  overcome 
the  velocity  with  which  its  molecules  are  credited.  Free  oxygen  and 
nitrogen  would  leave  the  Moon.  This  decides  adversely  the  possible 
-existence  of  an  air  like  ours — a  mixture  of  oxygen  and  nitrogen  with  a 
little  argon,  helium  and  carbon  dioxide.  As  hydrogen  has  been  seized 
by  ox\'geii  on  the  Earth  before  escaping,  to  form  water,  so  oxygen  might 
possibly  be  seized  by  carbon  on  tlie  Moon,  and  give  us  an  envelope  of 
-carbon  dioxide.  But  no  evidence  of  it  is  established,  nor  can  the 
writer  see  the  least  sign  of  water.  The  first  thing  to  examine  is  the 
testimony  afforded  Viy  the  Moon's  superficies.  Now  terrestrial  valleys 
begin  with  babbling  brooks,  narrow  and  shallow,  they  receive  many 
branches,  they  widen  and  deepen,  and  finally  debouch  into  the  ocean, 
with  broad  estuaries,  on  each  side  of  which  there  are  often  noble  cliffs. 
Lunar  valleys  are  not  infrequent.  Loewy  and  Puiseux  describe  several, 
^.g.,  the  valley  of  the  Alps  to  the  west  of  Plato — that  which  extends 
south  east  of  Rheita — those  between  Herschel  and  Hipparchus  and 
-between  Bode  and  Ukert — all  these  being  among  the  deepest.  But  they 
in  no  respect  resemble  terrestrial  valleys.  They  are  almost  straight,  have 
no  branches,  maintain  about  the  same  breadth,  and  seem  to  be  equally 
-tlepressed  from  one  end  to  the  other.  No  place  can  be  seen  where  the 
])roducts  of  erosion  have  been  deposited,  nor  are  they  anywhere  even 
partially  tilled  up  with  alluvium  ;  with  high  poweis  they  seem  to  have  a 
flat  floor.  "  as  if  the  crust  had  been  cracked  to  the  depth  where  the 
interior  was  fluid,  and  this  had  afterwards  solidified."     Ther.e  celebrated 
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celestial  photographers  find  that  many  lunar  valleys  are  roughly  parallel, 
such  as  the  three  which  touch  the  southern  edges  of  Aizachel,  Alba- 
tegnius  and  Ptolemy,  and  the  two  others  which  touch  the  cratei-s  of 
Reaumur  and  Flammarion.  Another  system,  at  an  angle  of  about  70* 
with  the  above,  is  formed  by  valleys  which  are  tangential  to  both  sides 
of  Albategnius  and  Aljjhonsus,  and  the  rampart  of  Ptolemy  to  the  north- 
east, and  stretch  towards  Moesting.  The  circle  of  Albategnius  is  thus 
inscribed  in  a  parallelogram  of  valleys,  and  even  the  sharper  angles  of 
the  parallelogram  are  cut  by  fairly  visible  clefts  which  make  it  look  like 
a  regular  hexagon.  The  vast  depression  which  Tycho  occupies  has  the 
well  defined  form  of  a  parallelogram.  In  the  northern  regions  Endoxus 
is  enclo.sed  between  four  rectilinear  furrows — two  being  similar  in  direc- 
tion to  the  valley  of  the  Alps — and  examj)les  could  be  multiplied. 
These  cracks  lead  one  to  think  of  cleavage  planes  in  a  sort  of  rough 
crystallization  and  probably  result  from  contraction  of  the  superficial 
layers.  In  all  this,  one  is  forced  to  observe  how  unlike  it  i.s  to  a  water- 
worn  surface,  for  these  valleys  or  clefts,  sometimes  called  rilLs,  stride 
across  mountain  and  plain  with  a  directness  quite  unlike  the  course  of  a 
tortuous  tei  restrial  river.  They  never  extend  from  mountain  top,  down 
widening  valleys,  in  a  tortuous  course,  to  end  hi  a  mare.  The  opinions  of 
Messrs.  Loewy  and  Puiseux  are  very  valuable,  for  their  photographic 
appliances  are  almost  peifect.  To  photograph  the  Moon,  one  must  not 
only  have  a  telescope  mounted  on  principles  like  the  usual  equatorials, 
but  the  movement  must  be  adjustable  to  the  varying  inclination  of  the 
Moon's  orbit  to  the  ecliptic,  and  the  clock  so  set  as  to  suit  the  eastward 
motion  of  the  Moon  among  the  stars.  It  requires  the  liest  skill  of  the 
mathematician  and  the  in.slrument  maker  coraldned  to  meet  these  require- 
ments, but,  notwithstanding  the  rapidity  of  our  sensitive  plates,  only 
when  they  are  fulfilled  can  the  perfectly  sharp  negatives  be  taken  which 
are  necessary  to  show  the  minute  features  on  which  the  progress  of 
selenography  must  henceforth  depend.  Such  plates  are  now  examined 
with  high  powers,  or  are  many  times  enlarged  by  photographic  methods, 
or  are  thiown  upon  screens  by  enlarging  lanterns,  and  the  French 
observers  named  think  they  have  about  reached  the  limit  when  the 
roughness  of  the  gianular  surface  of  a  plate  becomes  the  chief  obstacle 
to  further  distinctness  of  small  featuies.  This  roughness  of  grain  it  is 
which  mars  to  some  extent  the  well  known  photographic  enlargements 
of  Weinek  from  Lick  Observatory  negatives. 
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It  is  only  just  to  say  that  Prof.  Pickering  describes  some  short  clefts, 
widening  slightly  from  origin  to  ending,  that  ending  being  usiuilly  in  a 
pear-shaped  craterlet.  He  hints  at  these  as  possible  channels  for  a  small 
quantity  of  fluid.  I  have  observed  such  clefts,  and  since  seeing  his 
remark  have  re-observed  them.  They  are  not  numerous,  and  they  do 
not  convey  to  me  the  idea  of  water  courses  at  all.  The  craters  in  which 
they  end  are  probably  among  the  oldest,  for  they  are  the  most  distorted, 
and  with  that  distortion  the  ravines  may  be  connected.  These  clefts 
are  nearly  as  wide  as  the  craters,  and  are  broad  at  their  beginning. 

The  tirst  .solidification  of  the  Earth  may  have  exhibited  phenomena 
not  dissimilar  to  those  we  notice  on  the  Moon,  except  as  modified  here 
by  air,  but  almost  every  earthly  thing  of  such  a  nature  has  long  since 
been  masked  by  the  products  of  erosion.  Sedimentary  rocks  have 
covered  the  primitives,  oxygen  has  rusted  the  crust  for  enormous  depths, 
water  has  not  only  covered  the  greater  part  of  the  surface,  but  through 
wave,  rain  and  ice  action  has  profoundly  modified  the  archasan  forms. 
It  is,  however,  interesting  to  note  that  in  places  where  glacial  processes 
have  cleaned  ofi"  everything  down  to  the  jn-imitive  rocks,  traces  of  melt^ 
ing  and  re-melting,  of  the  forming  of  domes  and  bosses,  and  of  the 
cracking  of  the  surface  in  the  early  youth  of  our  world  have  been 
revealed. 

Writing  of  the  Rainy  lake  i-egion  of  (Jntario,  Prof.  A.  P.  Coleman, 
Geologist  to  the  Ontario  Bureau  of  Mines,  says  in  this  year's  report  : — 
"  The  statements  of  Lawson  regarding  the  eruptive  relationship  of  the 
gneisses  to  the  Huronian  rocks  above  have  been  fully  borne  out  by  our 
investigations  in  the  region  ;  and  we  must  suppose  that  by  the  deposit 
of  perhaps  ten  miles'  thickness  of  Couchiching  and  Keewatin  rocks  com- 
bined, the  isogeotherms  or  levels  of  equal  temperature  gradually  ascended 
towards  their  normal  distance  from  the  surface,  and  as  a  result  the  once 
solid  Laui-entiau  was  brought  into  a  condition  of  igneo-aqueous  fusion 
or  isemi-fusion — welling  up  at  some  points  and  at  others  allowing  the 
schists  resting  upon  them  to  sink  into  sharp  anticlinal  folds.  That  frag- 
ments of  the  solid  schists  were  thus  broken  loose  and  floated  away,  and 
that  apophyses,  irregular  veins  of  molten  matter,  were  injected  into 
fissures  of  the  rocks  above,  any  one  may  satisfy  himself  by  a  day's 
canoeing  among  the  islands  on  the  eastern  part  of  Rainy  lake." 

In  another  part  of  his  report  he  spetiks  of  "  Laurentian  gneisses, 
fluid  enough  to  carry  off  blocks  of  the  already  solid  green  schist,"  of  "  a 
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layer  of  Huronian,  lifted  on  the  shoulders  of  the  upswelling  gneiss  or 
granite  *  *  in  part  dissolved  and  lost  to  view  in  the  molten  rock 
beneath";  of  "granite  bosses,  many  of  them  come  up  through  the 
Laurentian  granitoid  gneiss  *  *  an  oval  patch  more  than  ten  miles 
loEg  *  *  on  Bat  lake," — -the  roots,  according  to  Lawson,  of  an  old 
volcano. 

Now,  as  the  oldest  rocks  we  know  upon  the  Earth  are  these  gneisses, 
with  their  early  derivatives,  pyroxenic  rocks  and  granites,  through  which 
traps  or  diabasic  (sometimes  called  basaltic)  rocks  have  been  forced  up 
in  dykes,  it  is  not  unnatural  to  suppose  that  most  lunar  rocks  are  similar 
to  them,  and  resemble  the  forms  familiar  in  the  northern  lake  regiona 
of  Canada,  and  in  the  boulders  which  bestrew  the  whole  of  our  country. 
To  those  who  are  intimately  acquainted  with  the  great  regions  north 
and  west  of  our  great  lakes,  where  there  are  hundreds  of  square  miles, 
of  exposed  primitive  rocks,  the  volcanic  cracks  and  dykes  and  dioritic 
overflows  and  veins  and  faultings  will  at  once  disclose  analogies  to  the 
lunar  surfaces,  in  some  cases  very  striking.  Here,  however,  the  simi- 
larity appears  to  end  :  that  is,  at  the  period  of  first  transition  from  a  fluid 
to  a  solid  state. 

It  is  not  easy  to  conceive  of  the  processes  which  followed  the  solidi- 
fication of  a  planet  without  air  pressure  or  water  currents.  There  could 
be  no  rains,  no  winds,  none  of  the  great  chemical  changes  due  to 
hydrogen  or  oxygen,  no  consuming  fire  or  darkening  smoke.  As  the 
Moon's  surface  hardened  into  stone,  so  it  remained  without  any  of  the 
numerous  changes  we  observe  on  Earth,  due  to  erosion,  sub-aerial  action 
and  vegetation.  There  could  be  no  shales,  limestones,  freestones, 
sands  or  clays.  Here  we  have  always  had  oxygen  to  unite  with  carbon, 
and  water  or  vapour  of  water  to  dissolve  calcium.  This  has  given  us  our 
enormous  supplies  of  limestones,  including  chalk  and  marble,  and  the 
removal  of  the  carbon  dioxide  by  union  with  lime  has  made  life  possible 
here  in  its  present  forms.  The  only  changes  on  the  Moon  would  be 
those  due  to  expansion  from  internal  or  from  solar  heat,  followed  by 
contraction  through  its  loss.  The  former  cause  is,  howevei",  alone  suffi- 
cient to  account  for  the  contortions  of  the  lunar  surface.  It  is  just 
conceivable  that  calcium  and  some  other  metals,  once  vaporized,  now 
covers  portions  of  the  lunar  primitives  with  dust,  and  that  in  the  deeper 
valleys  and  maria  some  sulphur,  or  perhaps  carbon,  may  have  combined 
therewith,   not   because    they  settled   there   from    an  atmosphere,  but 
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because  tliey  issued  as  vapours  from  these  localities,  and  were  at  once 
condensed.  This,  as  well  as  differences  iti  tlie  composition  of  the  rock 
first  solidified,  and  that  which  congealed  later,  may  cause  the  variations 
in  light-reflecting  power,  or  shade,  or  even  in  colour,  which  are  discern- 
ible.     The  differences  in  colour,  by  the  way,  are,  j)erhaps,  illusory. 

The  con.«tancy  of  these  features  is  another  evidence  of  the  absence  of 
water.  If  there  were  any  upon  the  suiface,  it  would,  during  the  lunar 
night,  be  ice  or  snow,  for  all  authorities  agree  that  the  temperature  must 
run  down  to  — 200°  centigrade,  or  thereabouts.  "  Our  atmosphere,"  says 
Prof.  Hallock,  of  Columbia  College  (Science,  August.  1895),  "acts  like  a 
valve,  tiansmitting  iu  almost  undiminished  strength  the  short,  quick 
waves  of  energy  radiated  to  us  from  the  Sun,  but  refusing,  absolutely,  to 
return  the  long,  slow  waves  in  which  the  Earth  tries  to  radiate  the 
enei-gy  back  into  space;  without  this  atmosphere  we  should  all  have  been 
frozen  long  ago."  Tiiisis  a  conclusion  rearihed  by  Lord  Rosse  and  others, 
many  years  since,  but  the  language  indicates  its  recent  confirmation  by 
means  of  the  bolometer.  Notwithstanding  this,  there  might  be  some 
melting  during  the  fourteen  days  of  continuous  sunshine — some  change 
from  a  uniformly  Avhite  hue  to  a  mottled  shade,  some  variation  of 
brilliancy.  But  as  the  surface  shows  at  the  beginning  of  the  long  lunar 
day,  so  in  its  broad  features  it  continues  through  noon  and  evening,  the 
only  apparent  change  being  in  the  slowly  increasing  or  decreasing  length 
of  the  black  shadows  of  the  tremendous  cliffs.  The  only  escape  from 
this  argument  is  the  admission  that  what  was  water  is  now  quite  con- 
tinuously frozen.  But  if  so,  it  seems  that  its  existence  as  water  must 
have  been  too  brief  to  produce  any  noticeable  efi'ects.  Subjected  to  the 
cold  of  space,  it  must  have  congealed  almost  as  soon  as  formed. 

But,  says  one  of  our  most  original  thinkers,  there  has  been  water, 
now  absorbed  in  the  Moon's  interior.  His  lively  imagination  and 
playful  fancy  lead  him  to  see  the  contents  of  the  sea  of  Fecundity 
dashed  through  the  seas  of  Tranquillity  and  Seienity  into  those  of  Mists 
and  Showers  and  Little  Storms,  and  so  around  the  sphere,  returning 
through  more  southern  maria  into  the  Moon's  cavernous  inside.  May 
one  suggest  as  a  slight  obstacle  the  varying  levels  of  these  plains,  for  the 
sea  of  Serenity  is  much  deeper  than  that  of  Tranquillity,  and  .somewhat 
below  the  lake  of  dreams.     The  mare  Frigoris  is  high,  Imbrium  is  low. 

Again,  if  there  was  ever  water  in  these  connected  ba.sins,  driven  bv 
the  fearful  tides  that  must  have  prevailed,  there  must  have  been  well 
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worn  and  continuous  channels,  and  we  should  not  look  in  vain  for  strik- 
ing evidences  of  erosion.  Our  friend  thii)ks  the  not  infrequent  breaking 
away  of  crater  walls  on  the  side  towards  the  mare  is  such  evidence,  and 
he  gives  some  beautiful  illustrative  drawings.  I  am  surprised  that  so 
careful  an  observer  and  close  a  reasoner  does  not  perceive  that  the 
breaking  away  is  too  complete,  it  proves  too  much.  Where  a  crater- 
ring  beside  a  mare  is  broken,  scarcely  a  trace  of  it  remains,  according  to 
his  drawings,  and  in  cases  none — no  islets,  reefs  or  ruins  to  mark  the 
site  of  the  old  precipice  walls.  It  is  as  if  the  side  had  sunk  and  been 
engulfed  in  the  lake  of  fire  around  it,  or  as  if  it  had  melted  away  com- 
pletely, like  so  much  wax.  This  total  disappearance  can  better  be 
accounted  for  by  re-fusion  and  by  .settlement  before  renewed  .solidifi- 
cation. If  it  be  argued  that  a  tidal  drag  must  have  existed  to  bring  the 
Moon  to  a  rotation  period  equal  to  that  of  its  revolution  around  the 
common  centre  of  gravity  of  the  Earth  and  itself,  proof  may  well  be 
demanded  that  no  other  reason  accounts  for  this,  and  the  enquiry  made 
why  a  water  drag  need  be  imported  into  this  que.stion  without  any 
evidence  of  water?  Moreover,  it  is  not  reasonable  to  suppose  that 
water  should  have  existed,  to  bring  about  exact  concordance,  and  should 
then  have  mysteriously  vanished.  A  finished  work  is  not  in  accordance 
with  the  methods  of  nature,  which  seems  to  keep  no  Sabbath.  Such 
retardation  as  the  tidal-drag  hypothesis  demands  would  be  still  progres- 
sing, the  rotation  period  would  be  tending  towards  identity  with  the 
period  of  revolution,  but  that  approach,  though  getting  closer  and  closer, 
would  not  be  finally  accomplished,  or  evolution  is  a  myth.  The  Earth 
may  be  twirling  with  less  velocity  than  in  the  Silurian  or  Archaean  days, 
but  it  can  never  stop  until  its  dissolution,  and  an  ending  nobody  can 
better  comprehend  than  a  beginning. 

Another  feature  on  the  Moon  which  seems  different  from  anything 
on  Earth  is  the  streak  system.  Broad  bright  streaks  diveige  from  at 
least  .seven  principal  points,  of  which  Tycho  is  easily  the  chief.  There 
are  numerous  minor  streak-centres  too.  The  points  from  which  these 
rays  diverge  are  usually  craters,  and  the  lines  are,  like  the  clefts,  almost 
always  straight,  while  they  hold  their  course  without  respect  to  other 
features,  such  as  plains  or  mountains.  Xo  conjectures  as  to  their  nature 
have  yet  been  made  that  satisfy  the  mind,  and  observers  are  still  puzzled 
by  them. 

The  writer  has  frequently  examined  that  great  streak  which  crosses 
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the  Mare  Serenitatis,  which  is  often  supposed  to  be  a  prolongation  of  a 
notable  bright  ray  which  extends  from  Tycho  northward  and  is  lost 
among  or  under  the  mountains  which  border  the  mare,  to  reappear  on 
reaching  it.  It  may  as  well  be  thought  to  begin  at  Thales  and  run 
southward  across  the  mare,  to  be  stopped  by  the  Hcemus  mountains.  It 
must  be  scrutinized  at  the  lunar  sunrise,  noon,  and  sunset,  and  prefer- 
ably during  our  afternoons.  When  the  glare  is  thus  diminished  and  the 
seeing  good,  it  seems  to  be  a  ridge  or  shoulder  at  the  junction  of  two 
slightly  inclined  surfaces.  A  few  other  streaks  have  been  examined 
and  seem  to  catch  some  light  as  the  terminator  advances,  but  even  so,  we 
get  no  further  :  other  streaks  are  not  similar  in  this  particular.  Mr. 
Percival  Lowell  says  the  streaks  in  Mais  are  the  results  of  organized 
labour,  but  we  may  be  very  sure  these  on  the  Moon  are  not,  though  we 
might  as  well  say  they  are  roads  as  call  the  Martian  marks  canals. 

It  is  quite  interesting  to  note  the  analogy  between  the  craters  and 
streaks  of  the  Moon  and  the  oases  and  canals  of  Mars.  Have  they  a 
similar  origin  and  raison  d'etre  (  Will  one  of  these  globes  throw  light 
upon  the  other  and  lead  to  a  rational  conjecture  as  to  the  nature  of  their 
common  features?  The  curious  thing  about  the  Martian  canals  is  that 
they  extend  straight  from  start  to  finish,  and  that,  wherever  they  intersect, 
round  spots  are  found,  which  Mr.  Lowell  calls  oases.  He  says  (Atlantic 
Monthly  for  August,  1895)  :  "  Dotted  over  all  the  so-called  continent  of 
Mars  are  an  innumerable  number  of  dark  circular  or  ovate  spots.  *  * 
Of  them  indeed  are  the  forty  lakes,  found  by  Prof.  W.  H.  Pickering. 
There  appears  to  be  no  spot  that  has  not  two  or  more  canals  running  to 
it  *  *  apparently  no  canal  junction  is  without  its  spot.  The 
majority  are  120  to  150  miles  in  diameter,  some  smaller  ones  not  more 
than  75  miles  across,  or  less.  That  all  aie  fundamentally  of  a  kind  is 
hinted  at  by  their  shape  and  emphasized  by  their  character.  The  Solis 
Lacus  is  an  oval  spot  in  latitude  28°  S.  A  cordon  of  canals  surrounds 
it  to  the  north.  Upon  the  cordon  are  beaded  a  number  of  spots."  Do 
we  not  think  at  once  of  Tycho  and  the  lunar  craters  and  ring  plains? 
The  association  will  not  be  welcome  to  the  advocates  of  the  irrigation 
theory  for  Mars. 

I  do  not  know  if  the  author  of  The  Time  Machine,  that  ingenious 
romance  which  carries  us  forward  by  successive  stages  towards  the  era 
when  he  su}:>poses  the  Earth  will  be  a  dying  planet,  drew  from  lunar 
studies  his  idea  of  the  subterranean  race  with  which  at  one  of  his  far 
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distant  periods  he  peoples  this  world.  The  French  astronomers  above 
named  speak  of  the  numerous  small  sink-holes  on  the  Moon,  almost  or 
quite  destitute  of  ramparts,  arranged  in  lines,  often  so  close  together 
that  the  intermediate  walls  are  no  longer  apparent,  and,  indeed,  often 
looking  like  beads  on  a  rosary.  A  fine  example  of  this  can  be  seen, 
they  say,  forming  a  common  tangent  to  the  interior  rim  of  Almanon  and 
Albategnius,  and  another,  a  row  of  them,  tangential  to  the  exteriors  of 
Ptolemy  and  Albategnius.  Sometimes,  they  continue,  the  connecting 
plain  between  these  pits  remains  firm,  but  their  perfect  alignment  leads 
one  to  suspect  some  invisible  connection.  Such  caverns,  left  by  retreat- 
ing fires,  might  exist,  there  being  no  water  to  fill  them  up  or  cause  their 
destruction,  but  as  for  a  population,  with  bodies  at  all  similar  to  ours,  it 
can  only  exist  in  the  imagination  of  a  novelist,  though  more  cavities  are 
visible  the  higher  the  powers  used  and  when  the  seeing  happens  to  be 
very  good.  The  telescopes  now  made  show  those  no  larger  than  a 
city  block.  Sir  William  Herschel  felt  quite  convinced  there  were 
inhabitants  on  the  Moon.  He  also  believed  there  were  active  volcanoes. 
Astronomy  and  physics  have  made  great  strides  since  his  day.  Yet  if 
he  was  wrong,  it  was  only  in  part,  and  the  idea  which  has  received 
extended  credence  that  the  Moon  is  a  lifeless,  worn-out  body  is  not  only 
repugnant  but  without  any  foundation  in  reason. 

Prof  Goldwin  Smith  says  :  "  Our  satellite  is  either  a  miscarriage  or 
a  wreck."  The  notion  is  built  upon  pessimism  and  implies  analogies 
which  are  quite  fanciful.  One  of  the  noblest  features  of  astronomy  is 
that  it  shows  how  infinitely  varied  are  the  processes  of  nature  in  the 
heavens.  Everywhere  we  now  i-ecognize  motion,  the  stars  are  no  longer 
"  fixed,"  and  motion  implies  life.  The  tires  of  Luna  may  still  be  at  work 
within,  and  changes  on  her  sixrface  as  important  as  those  upon  the 
Earth's  may  be  in  jtvogress.  No  notice  of  them  being  given  by  flame  or 
smoke  or  steam,  which  without  air  cannot  exist,  makes  it  very  difficult 
to  observe  any,  but  Schroeter  saw  near  Cassini,  on  the  night  side  of  the 
Moon,  a  brilliant  white  spot  as  large  as  a  5th  magnitude  star,  which 
lasted  for  15  minutes,  and  similar  appearances  have  since  been  observed 
in  the  same  region.  Linne,  a  spot  on  the  Mare  Serenitatis,  has  been 
thought  variable,  while  Schmidt  once  announced  its  disappearance- 
Some  drawings  show  it,  others  do  not.  Prof.  Pickering  finds  changes 
in  the  shade  of  several  other  patches  on  this  plain- 
In  a  few  years  we  may  have  much  more  information,  for  the  great 
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map  of  the  Moon  tbe  illustrious  Dr.  Weinek  of  Prague  is  compil- 
ing, 14  feet  in  diameter,  will  have  impressed  upon  it  by  ]ihotograj)hy 
the  outlines  of  all  the  lunar  features  which  the  grain  of  the  gelatine 
upon  a  carefully  made  plate  will  allow  to  be  distinctly  marked.  Tht-se 
photographs  will  tell  the  tale  with  a  hundred  fold  the  fullness  and 
accuracy  of  a  draughtsman.  We  may  thereby  be  enabled  to  detect 
some  seismic  changes,  but  it  will  require  close  scrutiny,  for,  short  of  the 
clouds  of  dust  and  vajjours  and  flames,  how  many  of  the  changes  made 
upon  the  Earth  by  earthquakes  and  even  by  volcanic  eruptions  could  be 
observed  by  the  best  of  our  astronomers  if  they  had  their  finest  instru- 
ments upon  the  Moon  ^  The  new  photogra|)hs  show  numerous  small 
craterlcfs  just  outside  the  wall  of  the  loftiest  large  craters.  It  would 
seem  that  there,  as  upon  the  earth,  eruptive  forces  found  their  easiest 
vent  at  such  lofty  elevations  rather  than  at  the  lower  levels  of  the  crater 
floors.  The  detection  of  colour-changes  seems  less  easy,  for  they  are  very 
slight.  Most  observers  agree  that  there  is  a  change  on  the  floor  of 
Plato,  from  steel  gray  at  one  period  of  the  lunation  to  dark  gray  at 
another,  and  this  is  ditficult  to  account  for  except  by  an  actual  variation 
of  its  surface.  There  is  said  to  be  a  pale  green  tint  about  the  Mare 
Serenitatis  in  certain  lights,  but  it  is  confessedly  hard  to  see,  and  I  have 
looked  for  it  in  vain.  Perhaps  the  imagination  of  the  observer  or  the 
peculiar  incidence  of  the  light  at  certain  angles  may  account  for  both 
these  changes.  The  concordance  of  a  multiplicity  of  observers  at  differ- 
ent seasons  and  places,  and  of  persons  using  reflectors  as  well  as  those  who 
have  refiactors,  is  desirable,  that  a  recognized  conclusion  may  be  reached. 

It  may  be  noted  here  that  upon  general  principles  we  shoidd  not 
expect  so  much  variety  in  lunar  as  in  terrestrial  features  ;  tlie  largest 
continent,  or  island,  or  body  of  water  must,  ceteris  jxiribus,  be  the  most 
diversified  in  all  respects ;  the  largest  river  valley  must  have  the  richest 
fauna  and  flora ;  and  so  our  larger  planet  should  bear  the  palm  from  its 
smaller  twin. 

But,  says  a  veteran  observer,  it  may  be  that  air  if  not  water  still 
exists  on  the  further  side  of  the  Moon.  To  this  two  answers  may  at 
once  be  given.  While  the  greater  pai  t  of  the  farther  side  is  never 
revealed  to  us,  we  do,  under  favourable  conditions  of  libiation,  see 
eighteen  per  cent,  of  it,  for  0.59  of  the  surface  of  the  INfoon  is  visible 
at  one  time  or  another.  The  Leibnitz  mountains,  S.W.  of  Tycho,  which 
the  present  writer  made  a  measurement  of  upon  the  serrated  edge  last 
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year  and  reported  to  this  Society  as  being  30,000  feet  in  height,  were 
barely  traceable,  a  week  ago,  in  Mr.  Lumsdeu's  fine  reflector,  and  though 
owing  to  the  less  diameter  and  greater  curvature  of  the  surface  of  the 
Moon,  a  lunar  mountain  would  disappear  from  view  in  a  less  distance 
than  one  of  the  same  height  upon  the  Earth,  this  will  give  an  adequate 
idea  of  the  great  extent  of  the  other  side  we  do  really  see.  And  if  an 
ai-ea  of  nearly,  one-fifth  of  that  other  side  does  not  differ  from  this,  as 
we  see  it  does  not,  that  is  one  good  reason  why  the  other  four-fifths  are 
similar  too. 

Then,  there  is  still  some  doubt  as  to  the  form  of  the  Moon.  It  may 
be  egg-shaped,  as  eminent  mathematicians  have  believed,  as  Schiaparelli 
says  Mercury  is,  as  at  least  one  of  Jupiter's  satellites  is  reported  to  have 
been  seen,  at  Arequijja.  But  the  centre  of  gravity  cannot  be  much 
further  from  the  Eai-th  than  the  centre  of  form,  and  if  it  is  nearer,  even 
by  so  little  as  15  miles,  as  Newton  calculated,  the  necessary  consequence 
is  that  if  there  were  an  atmosphere,  or  water,  there  would  be  more  on 
this  side  than  on  the  other.  No,  it  is  not  on  the  invisible  side  that  we 
can  place  the  features  which  would  render  possible  biological  conditions 
like  ours  ;  we  must,  at  once,  admit  that  there  everything  is  and  always 
has  been  very  different,  and  that  vital  forces  there  are  clothed  with  quite 
other  euvelopes  than  ours,  possessing  totally  diverse  characteristics, 
parts,  powers  and  senses.  The  beings  upon  the  Moon  may  be  no  bigger 
than  beetles,  and  yet  have  keener  intelligence  than  ours.  It  is  futile 
to  guess  at  their  attributes.  As  we  have  no  ideas  that  do  not  spring 
from  experience,  we  are  blocked  as  to  a  foundation  even  in  fancy  about 
beings  whose  works  are  like  themselves,  invisible.  But  if  there  be  no 
life  upon  the  Moon,  we  must  conclude  that  she  is  in  no  sense  an  inde- 
pendent centre,  but  exists  for  the  benefit  of  the  Earth  alone  and  is 
merely  one  of  its  organs,  as  much  an  adjunct  to  it  as  a  crest  of  feathers 
to  a  bird,  a  wing  case  to  a  beetle,  a  thorn  to  a  rose.  We  should  be 
driven  to  work  at  the  question  what  she  has  done  or  will  accomplish  for 
the  physical  benefit  of  the  Earth.  To  suppose  her  as  existing  for  the 
delectation  of  us  poor  incidental  mortals  seems  absurd.  But  it  is  as  well 
to  avoid  speculation  on  these  points.  We  cannot  measure  the  infinite 
by  space,  the  everlasting  by  time,  the  Almighty  by  force,  the  absolute 
by  matter.  Within  our  limits  there  is  ample  scope  for  research  into 
facts  not  beyond  our  ken,  and  into  causes  and  effects  we  can  learn  to 
comprehend. 
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EIGHTEENTH    MEETING. 

September  17th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A., 
occupied  the  chair. 

Mr.  E.  F.  Churchill  wa.s  duly  elected  an  active  member  of  the 
Society. 

A  cordial  letter  was  received  from  Mr.  W.  F.  King,  C.E.,  correspond- 
ing member  of  the  Society,  and  who  had  been  engaged  on  the  Inter- 
national Boundary  Commission  in  Alaska.  Mr.  King  promised  to 
prepare  a  jjaper  on  instrumental  work  at  the  earliest  opjjortunity. 
Referring  to  the  work  of  the  Boundary  Commission,  Mr.  Lindsay  said  it 
was  now  well  known  that  special  instruments  for  use  in  photogrammetry 
had  been  devised  by  Surveyor-General  Deville ;  he  called  attention  to 
the  fact  also  that  the  work  of  constructing  the  instruments  had  been 
entrusted  to  a  fellow-member,  Mr.  James  Foster,  who,  it  was  most 
encouraging  to  note,  had  received  orders  from  several  foreign  govern- 
ments for  instruments  of  the  same  design,  since  Mr.  Deville's  methods 
had  been  made  public. 

A  short  note  was  read  from  the  Editor  of  Science,  referring  to  the 
observation  rejiorted  by  Dr.  Wadsworth  of  the  concave  outline  of 
Saturn's  shadow  on  the  ring.  After  naming  several  writers  who  had 
treated  this  subject,  it  was  said  the  apparent  outline  of  the  shadow  will 
always  be  greatly  influenced  by  various  optical  illusions,  and  observa- 
tions made  with  ordinary  telescopes  under  ordinary  conditions  cannot 
be  safely  lelied  on. 

Reports  of  observations  of  the  lunar  eclipse,  September  3-4,  were 
received  from  several  members  who  had  observed  the  ])henonienon  in 
Toronto  ;  from  ]\Ir.  D.  E.  Hadden,  of  Alta,  Iowa,  a  full  account  was 
also  received,  and  which  was  subsequently  published  in  Popular 
Astronomy.  Mr.  A.  F.  Miller  presented  the  following  notes  :  "  Spec- 
troscopic work  was  commenced  September  3rd,  23h.  15m.,  and  all  obser- 
vations were  repeated  and  confirmed  by  Mr.  C.  A.  Chant  :  The  method 
was  the  same  as  on  former  occasions  ;  an  image  of  the  Moon  in  the  prin- 
cipal focus  being  received  on  the  slit-plate  of  a  small  direct-vi^-ion  tele- 
spectroscope,  and  held  there  by  the  clock  movement.  The  spectrum  of 
the  uneclipsed  part  of  the  lunar  surface  thus  was  available  for  compari- 
son with  that  of  the  darkened  region.  Occasionally  as  an  aid  to  deter- 
mination of  i)ositions  when  the  light  had  become  very  faint,  the  flame  of 
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alcohol  containing  a  sodinm  salt  was  employed  for  reference.  There  was 
no  marked  selective  absorption  in  the  lines,  nor  were  any  new  lines 
produced  by  the  advance  of  the  shadow;  bat  the  blue  end  of  the  spec- 
trum was  almost  entirely  deficient ;  the  blue-green,  green  and  yellow 
parts  became  so  faint  as  to  be  quite  invisible  as  colours  tiiough  seen  as 
light ;  the  red  end  only  remaining  bright  enough  to  affect  the  eye  as  a 
colour-sensation,  but  in  this  re.spect  it  was  veiy  distinct  and  specially 
struck  Mr.  Chant's  eye.  The  appearance  of  the  spectrum  was  similar 
in  general  absori)tion  effects  to  what  would  be  produced  had  the  light 
passe<l  through  smoked  or  neutral-tint  glass;  the  characteristic  lines 
noted  in  connection  with  the  eclipse  of  1895,  March  10,  were  not  seen  at 
all  on  this  occasion." 

The  Chairman  then  called  upon  Di-.  McCallum,  President  of  The 
Canadian  Institute,  who  was  present  by  special  invitation,  to  address 
the  society  on  the  subject  of  the  proposed  visit  of  the  British  Association 
in  1897.  Dr.  McCallum  stated  that  the  meeting  would  certainly  be 
held  in  Toronto,  and  that  it  would  be  necessary  to  arouse  as  much 
enthusiasm  as  possible  throughout  Canada,  so  that  the  fullest  success 
might  be  attained.  He  pointed  out  the  many  advantages  tliat  would 
accrue  from  the  presence,  in  Canada,  of  such  a  body  as  tlie  British  Asso- 
ciation, and  hoped  that  The  Astronomical  and  Physical  Society  would 
do  its  utmo.st  to  make  the  visit  a  memorable  one  for  the  distinguished 
visitors.  Tiie  Chairman  assured  Dr.  McCallum  that  the  Society  would 
take  part  in  all  committee  work  which  the  general  committee  might 
decide  upon  undertaking. 
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NINETEENTH  MEETING. 

October  1st;  the  Vice-President,  E.  A.  Meredith,  LL.D.,  in  the 
chair. 

The  followini^  named  ladies  and  gentlemen  were  duly  elected  active 
members  of  tlie  Society  : — Miss  Jessie  Campl^ell,  Mrs.  J.  E.  White,  Miss 
Workman,  Miss  Field,  Mr.  Hugh  Caldwell,  all  of  Toronto. 

The  Corresponding  Secretary  read  the  following 

MINUTES    OF    A    MEETING    OF    THB    JOINT    COMMITTEE    ON    THE    UNIFICATION 

OF    TIME  : 

Pursuant  to  call,  a  special  meeting  of  the  Joint-Committee  of  The 
Canadian  Institute  and  of  The  Astronomical  and  Physical  Society  of 
Toronto  on  the  Uniiication  of  Astronomical,  Civil  and  Nautical  Time, 
was  held  at  The  Canadian  Institute  on  the  afternoon  of  the  25th  of 
September  instant.  The  members  present  were  : — Dr.  Sandford  Fleming, 
C.M.G.,  etc.,  in  the  chair,  and  Messrs.  Arthur  Harvey,  F.R.S.C,  G. 
Kennedy,  LL.D  ,  G.  PI  Lumsden  and  R.  F.  Stupart,  Director  of  the 
Toronto  Observatory. 

The  Chairman  submitted  a  draft  of  the  Third  Report  of  the  Com- 
mittee and  of  a  letter  intended  to  cover  the  transmission  of  the  Report 
through  the  office  of  His  Excellency  the  Governor-General  to  the  Home 
Authorities.  The  drafts  were  read  and  discussed,  clause  by  clause,  and 
certain  amendments  made,  whereupon, 

It  was  moved  by  Dr.  Kennedy,  seconded  by  Mr.  Stupart,  That  the 
Third  Report  of  the  Joint-Committee  on  the  Unification  of  Time,  as 
now  read,  be  adopted  and  be  transmitted  to  the  Home  Authorities  for 
their  consideration.      Carried. 

The  Committee  then  atljourned  nine  die. 

Sandford  Fleming, 

Chairman  of  the  Committee. 
Toronto,  26th  September,  1895. 

The  te.xt  of  the  Report  referred  to  was  then  read,  as  follows  : — 

DEIFICATION  OF  ASTROXOMICAL,  CIVIL  AND  NAUTICAL'tIME— THIRD  KEPORT. 

Toronto,  September  21st,  1895. 
The  Joint-Committee  of   The  Canadian  Institute   and  of  Tlie  Astronomical 
and  Physical  Society  of  Toronto  on  the  Unification   of   Astronomical,  Civil  and 
Nautical  Time,  as  recommended  by  The  Washington  Conference,  ISSi,  respectfully 
reports  :  — 
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The  several  communications  on  this  subject  which  have  been  transmitted  by 
the  Home  Government  to  the  Governor-General  of  Canada  and  by  His  Excellency 
submitted  to  the  Institute  and  to  The  Astronomical  and  Physical  Society,  have 
been  referred  by  them  for  an  expression  of  opinion  by  the  Joint-Committee. 

The  fundamental  object  of  The  International  Conference  summoned  by  the 
Government  of  the  United  States  in  1884,  was  to  consider  and  to  recommend  a 
more  satisfactory  mode  of  reckoning  time,  and  to  endeavour  to  establish  an  inter- 
national system  for  its  unification  on  a  broad  and  scientific  basis. 

The  correspondence  before  the  Joint-Committee  has  direct  reference  to  that 
branch  of  the  general  system  of  Time-reform  which  forms  the  subject  of  the  Sixth 
Re3olution  of  The  Washington  Conference  of  1884. 

It  has  been  generallj'  recognized  that  mariners,  togetlier  with  the  interests  of 
commerce  which  they  represent,  would  especially  benefit  by  the  adoption  of  the 
Sixth  Resolution  of  The  Washington  Conference.  In  considering  the  subject  on 
previous  occasions,  the  Joint-Committee  therefore  assumed  that  mariners  the  world 
over  would  favour  the  adaptation  of  the  Nautical  Almanac  to  one  uniform  reckon- 
ing of  time  at  sea,  and  that  it  would  be  in  all  respects  advantageous  to  have  the 
time-reckoning  at  sea  in  complete  harmony  with  the  time-reckoning  on  land.  It 
was  only  with  respect  to  the  views  that  astronomers  might  entertain  that  the  Joint- 
Committee  had  doubts,  inasmuch  as  the  universal  adoption  of  the  recommendation  of 
The  Washington  Conference  in  all  matters  relating  to  navigation  would  practically 
abolish  "  Astronomical  Time"  as  it  is  now  defined.  In  order  to  obtain  the  views 
of  astronomers  on  this  point,  the  Joint-Committee  sent  circulars  to  every  known 
astronomer  in  all  parbs  of  the  world  whose  address  could  lie  found.  Nearly  one 
thousand  circulars  were  so  forwarded,  and  replies  were  asked  to  the  following 

Question:  — "  Is  it  desirable,  all  interests  considered,  that  on  and  after  the  lat 
day  of  January,  1901,  the  Astronomical  Day  should  everywhere  begin  at  mean 
midnight  ?  " 

The  replies  received,  classified  according  to  countries,  were  to  the  following 
effect : — Austria,  Australia,  Belgium,  Canada,  Columbia,  England,  France, 
Greece,  Italy,  Ireland,  Jamaica,  Madagascar,  Mexico,  Roumania,  Russia,  Scot- 
land, Spain  and  the  United  States  of  America,  eighteen  countries  in  all,  were  in 
favour  of  the  proposal ;  Germany,  Holland,  Norway  and  Portugal,  four  countries 
in  all,  were  unfavourable  to  the  change. 

The  replies  received  were  not  so  numerous  as  the  Joint-Committee  expected, 
and  it  is  difiBcult  for  the  Committee  to  determine  whether  those  who  did  not  reply 
were  influenced  by  indifference,  or  were  prepared  to  acquiesce  in  the  change 
recommended  by  The  Washington  Conference.  It  is,  perhaps,  not  unreasonable 
to  infer  that  all  who  were  strongly  opposed  to  the  proposed  change  would  have 
embraced  the  opportunity  pre  ented  them  of  giving  expression  to  their  views. 
I'Yom  the  large  number  appealed  to,  171  replies  were  received,  108  in  favour  of 
and  63  against  the  proposal.  The  result  of  this  appeal  to  astronomers  was  referred 
to  in  the  Second  Report  of  the  Joint-Committee,  dated  10th  May,  1891.  This 
Report  was  communicated  to  His  Excellency  the  Governor-General  for  transmis- 
sion to  the  British  Governmeat,  by  whom  it  was  referred  to  the  Science  and  Art 
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Department,  South  Kensington,  ami,  finally,  to  the  Admiralty.  The  Lords  Com- 
missioners of  the  Admiralty,  under  whose  supervision  the  Nautical  Almanac  \% 
published,  expressed  their  willingness  to  sanction  such  alterations  as  m.ay  be 
necessary  to  effect  the  change  at  the  beginning  of  the  new  century,  provided  other 
nations  who  publish  astronomical  ephemerides  are  prepared  to  take  the  same 
action.  The  British  Governmeut  thereupon  instructed  Her  Majesty's  representa- 
tives to  ascertain  the  views  of  the  Foreign  Governments  to  which  each  was  accred- 
ited, with  regard  to  the  proposed  change. 

The  nations  publishing  ephemerides  are,  including  Cheat  Britain,  nine  in 
number,  viz.,  Austria,  Brazil,  France,  Germany,  Great  Britain,  Mexico,  Portugal, 
Spain  and  tlie  United  States  of  America. 

Of  these  nine  Powers,  six  have  formally  given  their  assent  to  the  proposed 
change.  The  remaining  three,  while  they  have  not  sigailied  assent,  have  not 
expressed  dissent. 

The  six  nations  formally  assenting  to  the  adoption  of  the  recommendation  of  The 
Washington  Conference  on  the  1st  of  January,  1901,  are  : — Austria,  Brazil,  France, 
Great  Britain,  Mexico  and  Spain.  Of  the  remaining  three,  Germany  and  Portugal 
have  not,  so  far  as  is  known,  sent  any  reply.  A  brief  communication  has  been 
received  from  the  Secretary  of  State  at  Washington,  simply  stating  "  that  the 
members  of  the  United  States' Naval  Observtitory  are  adverse  to  the  'Canadian 
proposition,' ''  as  they  see  fit  to  term  it,  and,  at  the  same  time,  he  sends  a  copy  of 
the  adverse  report.  This  is  the  only  report  of  a  negative  character  which  has 
been  received,  and  it  is  the  more  surpi'ising  as  this  report  is  entirely  at  variance 
with  the  position  taken  by  the  United  States  throughout  the  movement  for  reform- 
ing the  time-reckoning  of  the  world  during  the  last  fifteen  years.  The  United 
States  have,  indeed,  taken  a  pronnnent  part  in  the  movement.  Two  Societies, 
comprising  in  their  ranks  some  of  the  most  eminent  scientists  of  the  country,  have 
actively  promoted  it  from  tlie  commencement— The  American  Metrological 
Society  and  The  American  Societj'  of  Civil  Engineers.  Moreover,  both  Houses  of 
Congress  have  taken  joint  action  in  the  matter.  It  was  under  the  provisions  of  an 
Act  of  Congress  that  the  President  assembled  The  International  Conference  of 
1884.  At  that  Conference,  it  was  the  five  distinguished  delegates  nominated  by 
the  Government  of  the  United  States  who  introduced  the  proposal  respecting  the 
Astronomical  Day,  a  proposal  which  was  carried  without  a  dissenting  voice  by  the 
representatives  of  the  twenty-five  nations  constituting  the  Conference.  It  is  to 
the  United  States  we  trace  some  of  the  fir.st  steps  taken  to  establish  an  acceptable 
system  of  reform  in  the  reckoning  of  time  adaptable  to  the  whole  world.  It  is 
certainly  to  them  that  we  owe  the  first  national  recognition  of  the  movement  and 
its  first  application  to  every-day  life,  that  is  to  say,  the  Joint-Resolution  passed  by 
(yongress  in  July,  1882,  and  the  action  of  the  gathering  of  Railway  Managers  in 
Chicago,  which  resulted  in  the  Hour  Zone  system  of  time  reckoning  going  into 
force  throughout  North  America  on  November  18th,  1883. 

With  all  the  facts  before  us,  it  is  impossible  to  consider  that  the  adverse 

report  signed   by  three  officials  of  the  United  States'  Naval  Observatory,   fairly 

represents  the  mind  of  the  United  States  Government,  of  Congress,  or  of  the  people 

of  the  United  States.     The  objections  brought  forward  in  this   report  are  of  old 

13 


98  The  Asironomiaal  and  Physical  Hociety  of  Toronto. 

<late  and  at  various  times  have  been  answered — by  the  Bureau  des  Longitudes  of 
France  in  an  official  report  {oide  Cosmos,  February  Srd,  1895)  endorsed  by  the 
French  Government,  May  6th,  1895  ; — by  the  reports  of  the  Joint-Committee  of 
April  21st,  1893,  and  May  10th,  1894;  copies  of  which  have  been  transmitted  to 
the  Home  Authorities  ;  by  the  Astronomer  Royal  in  a  report  to  the  Trustees  of 
ilreenwich  Olsservatory  which  points  out  that  the  proposal  can  be  easily  intro- 
duced and  with  decided  advantage  to  observers  ; — by  a  former  Superintendent  of 
the  United  States'  Naval  Observatory,  Commodore  Franklin,  December  11th,  1884, 
'in  a  communication  transmitted  to  Congress  with  other  documents  by  the  Secre- 
tary of  State  for  the  Navy,  February  17th,  1885. 

These  several  documents  amply  refute  all  the  objections  to  the  proposal  and 
render  any  discussion  of  them  in  this  report  unnecessary.  Their  best  answer  is  in 
tlie  fact  that  the  Governments  of  six  ephemerides-publishing  nations,  comprising 
some  of  the  most  conservative  countries  in  the  world,  have,  under  the  advice  of 
their  ablest  men,  recognized  the  advantages  of  the  proposal  and  have  assented  to 
it  being  carried  into  effect.  The  attitude  assumed  by  the  United  States'  Naval 
Observatory  is  so  decidedly  different  from  that  of  a  few  years  back  that  the  sole 
explanation  which  can  be  made  is  that  the  personnel  of  the  Observatory  has 
changed. 

Immediately  after  The  Washington  Conference  of  1884,  Commodore  Franklin, 
the  head  of  the  United  States'  Naval  Observatory,  desiring  to  give  effect,  without 
delay,  to  the  resolutions  passed,  issued  instructions  to  the  Observatories  of  tl»e 
United  States  to  bring  Astronomical  Time  into  agreement  with  Civil  Time.  This 
officer  was  supported  by  three-fourths  of  the  leading  astronomers  of  the  United 
States,  who,  doubtless,  felt  with  him  that  it  would  be  becoming  on  the  part  of  the 
nation  which  had  assembled  the  Conference  to  be  the  first  to  accept  and  give  prac- 
tical effect  to  its  wise  recommendations.  There  was  one  exception,  however. 
Professor  Simon  Newcomb,  wlio  raised  strong  objections  to  any  departure  from  the 
old  system.  This  gentleman,  whose  name  is  attached  to  the  adverse  report  of 
recent  date,  as  Professor  of  Mathematics,  U.S.N.,  and  Director  of  the  Nautical 
Almanac,  did  not,  in  objecting  to  the  instructions  of  Commodore  Franklin,  express 
his  adverse  opinion  on  the  general  question  for  the  first  time.  In  1882,  two  years 
before  The  Washington  Conference,  The  American  Society  of  Civil  Engineers 
formulated  a  scheme  of  Time-reform,  which,  in  its  essential  featuies,  has  come  into 
use  not  only  throughout  the  North  American  Continent,  but  also  over  large  parts 
of  Europe,  Asia  and  Australia.  In  order  to  ascertain  the  views  of  scientific  and 
practical  men,  this  Society  sent  out  circulars  asking  an  expression  of  opinion 
respecting  the  proposed  measure.  A  seiies  of  questions  were  drawn  up  and 
answers  to  them  were  respectfully  invited.  Among  the  many  replies  received  and 
placed  on  record  in  the  publications  of  that  Society  there  is  one  from  Mr.  Simon 
Newcomb,  whose  words  read  strangely  in  the  general  record  of  assent  and  approval 
with  which  the  measure  was  welcomed  throughout  the  United  States  and  Canada. 
They  are  given  in  the  appendix  to  this  Report. 

The  publications  of  The  American  Society  of  Civil  Engineers  affirm  that  replies 
■were  received  from  all  parts  of  the  United  States  and  Canada  and  that  97  per  cent. 
expressed  opinions  diametrically  opposed  to  those  of  Mr.  NeN\  comb.     The  unani- 
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iriity  of  opinion  was  indeed  remarkable.  In  one  respect,  Mr.  Xewcomb  stood 
alone  in  his  antagonism  to  this  scientific  reform.  In  marked  contrast  to  his  objec- 
tions, we  have  the  breadth  of  view  and  general  enlightenment  of  the  members  of 
the  Societies  named,  and  of  the  managers  of  the  great  lines  of  transportation  by 
land  and  water  throughout  the  United  States — the  men  who  in  1883  adopted  the 
Standard  Time  System.  We  have  in  still  more  marked  contrast  to  the  views  of 
Prof.  Newcomb  the  spirit  which  moved  the  highest  constituted  authorities, 
the  Senate  and  the  House  of  Representatives,  in  passing  a  joint-resolution  request- 
ing the  President  of  the  United  States  to  assemble  representatives  from  every 
civilized  nation  to 'consider  the  very  questions  which  find  so  little  favour  with  Mr. 
Newcomb.  These  remarks  go  to  prove  that  this  gentleman  holds  conservative 
views  in  the  matter  of  Time-reform  peculiarly  his  own  and  that  it  is  impossible  to 
accept  a  report  expressing  his  opinions  on  this  question  as  representing  the  voice 
of  the  United  States.  The  evidence  shows  that  the  United  States  stands  in  the 
front  rank  in  support  of  this  important  movement,  and  with  respect  to  tiie  pro- 
posed change  in  the  Astronomical  Day,  a  letter  from  the  Secretary  of  the  Xavy  to 
Congress,  dated  February  17th,  1885,  brings  out  the  fact  that  although  the  execu- 
tion of  tiie  order  was  subsequently  deferred  until  a  general  agreement  could  be 
reached,  a  General  Order  was  actually  issued  on  December  -ith,  1884,  by  the  head 
of  the  Naval  Observatory,  to  begin  the  Astronomical  Day  at  midnight  in  accor- 
<lance  with  the  recommendation  of  The  Washington  Conference  of  that  year. 
Moreover,  it  may  be  added  that  the  recommendations  of  The  Washington  Confer- 
-ence  were  endorsed  by  the  President  of  the  United  States  in  his  message  to  Con- 
gress of  January  9th,  1883. 

In  view  of  the  facts  narrated,  the  .Joint-Committee  respectfully  conceives  that 
it  is  fully  warranted  in  the  opinion  that  the  United  States,  as  a  nation,  may  he 
truly  considered  to  be  one  of  the  nine  ephemerides-publishing  nations  in  favour  of 
the  proposal  to  bring  the  Astronomical  Day  into  agreement  with  the  Civil  Day. 

In  a  question  of  this  kind,  perfect  unanimity  is  scarcely  to  be  hoped  for, 
nevertheless  the  Joint-Committee  submits  that  the  evidence  establishes  that  there 
is  so  general  an  agreement  among  the  nations  as  will  admit  of  concerted  action 
in  regard  to  the  introduction  of  the  change  proposed  in  the  Sixth  Resolution  of 
The  Washington  Conference. 

The  Joint-Committee,  in  conclusion,  respectfully  expresses  the  hope  that  in 
accordance  with  the  1 1th  Paragraph  of  the  letter  of  the  Admiralty  of  January  5th, 
1886,  the  Lords  Commissioners  will  be  pleased  to  sanction  such  alterations  in  the 
Xaulicul  Almanac  as  may  be  necessary  to  establish  the  change  to  the  new  reckon- 
ing, on  the  first  day  of  the  coming  centui-y.  It  is  scarcely  necessary  to  add  that 
iis  the  2^aii(ica/,  Almanac  is  usually  prepared  four  or  five  years  in  advance,  it  i.s 
important  that  a  definite  decision  should  not  be  long  delayed. 

All  of  which  is  respectfully  submitted. 

On  behalf  of  the  Joint-Committee. 

Sandfokd  Fleming, 

Chairm,a7i. 
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Replies  of  Mr.  Simon  Newcomb,  Washington,  to  Queries  issued  by  the- 
Special  Committee  on  Standard  Time  of  The  American  Society  of  Civil  Engi- 
neers, 1882  :— 

(Extract  Jrom  the,  Publkatiowi  of  the  Society. ) 

Question  3. — Do  you  consider  it  advisable  to  secure  a  Time  system  for  thia 
country  (the  United  States),  which  would  commend  itself  to  other  nations  and  be 
adopted  by  them  ultimately  ? 

Answer  (by  Mr.  Newcomb). — No.  We  don't  care  for  other  nations  ;  can't 
help  them,  and  they  can't  help  us. 

Question  4.— Does  it  (the  scheme  for  regulating  Time),  seem  to  possess  any 
features  which  generally  commend  themselves  to  your  judgment  ? 

Answer  (by  Mr.  Simon  Newcomb). — A  capital  plan  for  use  during  the  millen- 
nium. Too  perfect  for  the  present  state  of  humanity.  See  no  more  reason  for 
considering  Europe  in  the  matter  than  for  considering  the  inhabitants  of  the 
planet  Mars. 

After  the  reading  of  the  above,  Mr.  Harvey  stated  that  the  Report 
had  been  adopted  by  The  Canadian  Institute.  It  was  thereupon  moved 
by  Mr.  G.  E.  Lumsden,  seconded  by  Mr.  T.  Lindsay,  that  the  Third 
Report  of  the  Joint-Committee  meeting  be  adopted,  and  embodied  in 
the  Traiisactions  of  the  Society.      Carj'ied. 

In  accordance  with  the  lesolution  of  the  Joint-Committee  the  Third 
Report  was  subsequently  forwarded  to  the  Lords  Commissioners  of  the 
Admiralty  through  the  office  of  His  Excellency  the  Governor-General. 

A  report  of  the  work  of  the  Lunar  section  was  received  from  Mr. 
Harvey,  and  a  series  of  sketches  of  the  solar  disc  from  Mr.  G.  G.  Pursey. 

Mr.  J.  A.  Paterson  read  some  notes  from  a  number  of  Science 
Siftings,  bearing  ujion  the  origin  of  the  Moon  and  indirectly  upon  the 
nebular  hypothesis. 

A  short  discussion  followed,  in  which  Mr.  Harvey  and  Mr.  J.  R. 
Collins  took  part.  The  former  referred  to  the  address  of  the  President 
of  the  British  Association,  in  which  it  had  been  stated  that  recent 
researches  in  thermo-dynamics  proved  the  nebular  hypothesis,  as  out- 
lined by  La  Place,  to  be  untenable.  Mr.  Paterson  and  Mr.  Lindsay 
dissented  from  this  view. 

The  Assistant  Secretary  presented  an  exhaustive  paper  on 

SOLAR  OBSERVATIONS, 

contributed   by  Mr.  D.  E.  Hadden,   of  Alta,  Iowa.     The  following  is  a 
synopsis  : 
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Systematic  observations  of  the  Sun's  surface  were  begun  in  August, 
1890,  and  have  been  continued  to  the  i>resent  time.  During  this  time 
I  have  observed  the  solar  disc  on  960  days  and  have  kept  a  fairly  com- 
plete )-ecord  of  the  number  of  groups  of  spots,  the  total  number  of 
spots  in  these  groups,  and  the  number  of  facuhe  ;  also  their  relative  size, 
location  and  place  of  origin,  whether  on  the  visible  disc  or  appearing  l)y 
rotation.  These  observations  have  been  published,  somewhat  in  a  con- 
densed form,  principally  in  the  Monthly  Review  of  the  loiva  Weather 
and  Crop  Service. 

The  observations  were  made  mainly  with  a  3-inch  Brashear  telescope, 
with  various  eye-pieces,  powers  and  shade  glasses ;  of  late  I  ha\e  given 
preference  to  the  Herschelian  wedge  prism,  using  ^-inch  and  |-inch 
eye-pieces,  and  neutral  green-tinted  shade  glasses.  The  method  of  pro- 
jection was  also  much  employed.  During  the  past  year  some  observa- 
tions of  the  prominences  have  been  made  with  the  spectroscope,  using  a 
2-inch  Rowland  diffraction  grating  of  14,438  lines  to  the  inch.  A  few 
photographs  were  taken,  and  numerous  pencil  sketches  of  the  larger  and 
moi"e  remarkable  groups  were  made. 

When  the  daily  average  number  of  sun-spots  is  plotted  graphically 
marked  fluctuations  ai'e  noticed  during  the  entire  five  years,  but  gener- 
ally there  is  a  constant  increase  in  the  number  of  spots  during  tlie 
period. 

A  small  maximum  appeared  in  July,  1891,  and  two  maxima  in 
1892,  viz.,  February  and  July;  that  of  July  being  the  highest  during 
the  five  years. 

A  secondary  maximum  was  noted  in  the  summer  of  1893,  commenc- 
ing in  the  month  of  June  and  reaching  the  last  maximum  in  August. 
After  this  a  steady  decline  set  in,  with  slight  irregular  fluctuations  dur- 
ing 1894  and  first  half  of  1895. 

The  following  tables  gives  the  maximum  and  minimum  number  of 
sun-spot  groups  observed  on  any  day  for  the  mouths  and  years  indi- 
cated :  — 
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MAXIMUM  DAILY  NUMBER  OF  SUN-SPOT  GUOUPS. 


Months. 


January  . 
February  . 
March     .  . . 

April 

May    

June 

July    

August  .  .  . 
ISeptember 
October . . . 
November. 
December 


1890. 


1891. 


1892. 


11 

8 


9 

13 

10 

9 

S 

9 

13 


1893. 


11 

9 

10 

10 

11 

11 

10 

14 

9 

12 

9 

9 


1894. 


10 
8 
8 
7 
9 
9 

11 
8 
9 
7 
G 


1895. 


7 
9 
8 
8 
10 
7 


MINIMUM  DAILY  NUMBER  OF  SUN-SPOT  GRCiUPS. 


Months. 


January 
February   . 
March    .  .  . 
April  .  •.  .  .  . 

May    

.1  une 

July    

August  .  .  . 
September 
October  . . . 
November . 
December  . 


1890. 


1891. 


1892. 


1893. 


1894. 


1895. 


Mr.  Hadden  had  also  forwarded  minute  descriptions  of  many  remark 
able  outbursts  of  sun-spots  during  recent  years.*     These  were  compared 
with   notes  which  Mr.  Elvins  and   Mr.    Pursey  had  made  on  the  same- 
occasions.     The  comparisons  were  found  particularly  interesting. 


*  A  detailed  account  of  these  has  since  been  published  in  the  PiihlicaUon^  of 
The  Astronomical  Society  of  the  Pacific,  December,  1895. 


T/i/?  Astronomical  and  Plijjsical  Society  of  Toronto.  103 

TWENTIETH  MEETING. 

October  lotli  ;  the  Vice-President,  iNIi-.  Jolin  A.  Paterson,  M.A.,  in 
the  chair. 

Mr.  Chas.  P.  Sparling,  Recording  Srei-etary,  addressed  the  Society  on 
the  sul'ject  ot"  a  change  in  tlie  jthice  of  meeting.  A  cordial  letter  had 
been  received  from  Dr.  J.  O.  Orr,  Cliairman  of  the  Technical  School 
Board,  inviting  the  Socicity  to  make  use  of  the  building  and  the  adjoin- 
ing lawn,  and  to  hold  all  regular  meetings  in  the  board  room.  Special 
meetings  could  be  held  in  what  was  set  apart  as  an  electrical-room> 
and  which  contained  apparatus  for  illustrating  lectures  in  physics. 
On  motion  of  Dr.  E.  A.  Meredith,  seconded  by  Mr.  Thomas  Lindsay,  it 
was  decided  to  accept  the  invitation  and  to  remove  the  efTects  of  the 
Society  at  once.  The  motion  was  coupled  with  an  expi'ession  of  the 
Society's  appreciation  of  the  kindness  of  the  Young  Women's  Christian 
Guild,  in  whose  rooms  the  meetings  had  been  held  since  1893.  This 
was  carried  unanimously. 

Mr.  Arthur  Harvey  reported  his  observations  of  Venus.  He  had 
endeavoured,  but  with  success,  to  make  out  irregularities  on  the  termi- 
nator. This  was,  howevei-,  much  less  sharply  defined  than  the  outer 
edge,  and  though  this  is  freely  accounted  for  by  the  twilight  belt  on  the 
edge  of  the  sunrise  curve,  due  to  the  vaporous  atmosphere  of  Venus,  it 
is  possible  that  the  shadows  of  eminences  on  her  surface,  and  other 
surface  features  there,  may  contribute  to  this  effect,  which  is  noticeable 
on  the  Moon  though  without  an  atmosphere  of  similar  nature.  Some 
discussion  arising  regarding  the  visibility  of  the  unilluminated  portion  of 
the  planet's  disc,  Mr.  Lindsay  stated  that  this  subject  had  occupied  the 
attention  of  several  members  of  the  British  Astronomical  Association, 
and  papers  on  the  subject  were  embodied  in  the  publications  of  that 
Society. 

Mr.  A.  Elvins  and  Mr.  G.  E.  Lumsden  had  observed  the  auroral 
display  of  September  12th.  Mr.  R.  F.  Stupart  showed  charts  of  the 
magnetic  curves,  while  the  aurora  had  been  in  progress.  In  this  case 
the  disturbance  had  not  been  specially  marked. 

Mr.  Lindsay  reported  some  observations  made  with  an  eight-inch 
reflector  recently  figured  and  silvered  by  the  Messrs.  Collins.  The 
telescope  was  the  property  of  Mr.  E.  W.  Syer,  of  Chicago,  and  was  to 
Ije  mounted  at  Niagara-on-the-Lake  for  use  during  the  summer  months. 
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The  mirror  performed  exceedingly  well  on  many  difficult  objects, 
especially  the  ring-nebula  in  Lyra.  It  was  thought  to  be  a  matter  of 
congratulation  that  this  instrument  was  to  be  brought  into  active 
service  in  Canada. 

Mr.  J.  Phillips  then  read  a  ])aper  on 

THE  RINGS  OF  SATURN  AND  THE    NEBULAR  HYPOTHESIS. 

This  paper  shewed,  from  ]Mr.  Phillips'  standpoint,  that  La  Place 
founded  his  hypothesis  chiefly  on  the  Saturnian  ring-system.  That  only 
for  this  system  he  would,  most  likely,  never  have  propounded  his 
hypothesis  ;  that  in  view  of  all  the  facts  then  known,  the  hypothesis 
was  sound  when  framed  :  but  that,  from  discoveries  since  made,  it  is 
proven  to  be  untenable  from  La  Place's  own  demonstrations. 

The  following  is  a  part  of  Mr.  Phillips'  paper,  beginning  with  one 
extract  out  of  many  translated  from  La  Place  : — 

"  We  suppose  according  to  this  hypothesis,  that  the  inner  ring  of 
Saturn  being  very  near  the  planet,  the  duration  of  its  rotation  ought  to 
exceed  only  by  a  very  little  that  of  the  rotation  of  Saturn.  In  consider- 
ing how  small  is  the  difference  observed  between  these  durations,  it  is 
difficult  not  to  admit  that  the  atmosphere  of  Saturn  extended  out  to  its 
rings,  and  that  they  have  been  formed  by  the  condensation  of  its  layers." 
—  Mecanique  Celeste,  vol.  5,  book  4,  chap.  3. 

Such  were  some  of  the  chief  grounds  on  which  were  founded  the  cele- 
brated La  Placean  hypothesis,  by  one  of  the  very  greatest  of  all  the  great 
continental  mathematicians  of  the  latter  half  of  the  last  century,  the 
greatest  the  world  ever  saw,  called  forth  by  the  exigency  and  demand  of 
the  times.  One  hundred  and  thirty  or  forty  years  ago,  be  it  remem- 
bered, all  classes  of  most  of  continental  Europe,  from  the  prince  to  the 
peasant,  were  on  the  qui  vive  about  the  solar  system  and  the  laws  that 
govern  it.  Here  were  some  of  the  questions  that  solutions  were  called 
for  :— 

"  Is  gravity  a  law  of  the  universe,  and,  if  so,  does  it  vary  precisely 
as  the  inverse  square  ?  " 

"  Were  Jupiter  and  Saturn  perj)etually  receding  from  each  other?" 
And  above  all,   "  Was  our  Moon  l)eing  precipitated  down  upon  us  ?" 

From  the  earliest  historic  times  the  Moon  has  been  drawing  nearer 
and  nearer  the  Earth,  and  her  lunations  growing  shorter  and  shorter. 
Was  this  acceleration  perpetual  ?  Was  it  owing  to  a  resisting  medium,  or 
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to  what  else  ?  And,  if  perpetual,  when  would  the  great  collision  occur, 
and  the  present  state  of  things  here  on  Earth  come  to  an  end  ]  Was  this 
a  sign  set  on  high  by  the  Creator  to  keep  mortals  in  mind  of  the 
final  consummation  1 

Philosophers,  theologians,  moralists,  saints  and  sinners,  were  inter- 
ested in  those  all  absorl)iiig  topics.  Governments  vied  with  each  other 
in  encouraging  learned  men  skilled  in  the  phj'sico-mathematical  sciences. 
New  modes  of  computation  were  devised,  the  infinitesimal  calculus 
extended,  the  geometric  method  was  superseded  by  the  analytic  on  the 
continent,  and  astronomy  took  such  a  bound  forward  as  it  never  did 
before  and  is  never  likely  to  do  again  in  so  brief  a  period.  How  such 
interest  was  awakened  in  Newton's  teaching  after  its  lying  dormant  for 
fifty  years  does  not  matter  now  ;  awakened  it  was. 

Near  the  close  of  the  century  La  Place  published  his  hypothesis,  about 
which  so  much  has  been  said.  Too  often  it  is  confounded  with  that  of 
Emmanuel  Kant  by  tho.se  who  ought  to  know  better. 

Turning  again  to  the  Saturnian  rings.  La  Place  says  "The  outer  ring 
rotates  in  0--i38  of  a  day,  the  ball  of  the  planet  in  0"427,  just  a  little 
less,  which  accords  with  theory.'  He  had  no  means  of  finding  from 
observation  in  what  time  the  inner  ring  rotated,  but  felt  convinced  it 
was  between  the  0-427  and  O'iSS  of  a  day,  leaving  only  about  sixteen 
minutes  as  the  margin  of  time ;  otherwise  his  hypothesis  would  be 
untenable — for,  "  The  duration  of  a  planet's  rotation,"  says  he,  "  must 
be  less  than  the  duration  of  the  revolution  of  the  nearest  body  that  cir- 
culates around  it." 

This  is  an  absolute  rule  in  mechanics,  and  there  was  not  one  known 
exception  to  it  in  the  planetary  .system  while  La  Place  lived.  One  such 
case,  well  established,  would  falsify  his  hypotheses — as  Prof.  O.  M. 
Mitchell  declared  many  years  ago,  in  defence  of  that  hypothesis,  in 
which  he  was  a  strong  believer.  But  what  do  we  find  to-day  ]  Not 
barely  one,  but  millions  of  exceptions  to  this  rule  !  This  very  year  we 
have  confirmed  by  Prof.  Keeler  the  old  idea  of  Cassini  and  the  later  con- 
tention of  Clerk-Maxwell,  that  the  Saturnian  ring  system  is  neither 
solid,  liquid,  nor  gaseous,  but  is  made  up  of  an  all  but  infinite  number 
of  meteorites,  swinging  round  and  round  like  a  swarm  of  bees  or  a  cloud 
of  locusts,  each  meteorite  an  independent  satellite  revolving  in  its  owp 
orbit  !  And  all  of  them  are  kept  apart  and  retained,  each  in  its  own 
separate  path  by  its  rapid  motion,  ami  by  the  force  of  Saturn's  attraction 
14 
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upon  each  and  every  one  of  them.  Nor  is  this  all,  for  we  know 
besides  that  the  whole  system  known  as  the  "  inner  ring  "  a  hundred 
years  ago  — instead  of  rotating  more  slowly  than  the  planet,  as  tlx; 
hypothesis  calls  for,  rotates  much  faster.  The  meteorites  composing  the 
outer  edge  of  it  revolve  in  about  the  same  time  as  the  planet  rotates  ; 
those  of  its  middle,  an  hour  and  three-quarters  faster:  those  composing 
its  inner  edge,  in  nearly  three  hours  (2-9133  hrs.)  less  time.  Again,  the 
inside  edge  of  the  dusky  ring,  extending  to  within  5,900  miles  of 
Saturn's  surface,  rotates  in  less  than  half  the  time  the  Isall  of  the  planet 
takes  to  turn  upon  its  axis  ! 

Had  La  Place  found  all  this  out  a  hundred  years  ago,  he  would  have 
l>opped  his  hypothesis  into  the  fire  instead  of  sending  it  to  the  printer. 
(Jan  any  one  doubt  this  for  a  moment  after  reading  his  own  preceding 
words — to  which  ten  times  more  might  be  added  of  the  same  import  ? 
If  there  is  any  one  thing  more  than  another  La  Place  insists  upon,  or  that 
the  science  of  mechanics  calls  for — whether  it  be  a  satellite  or  ring 
revolving  about  a  planet,  or  a  planet  round  the  Sun  (the  revolving  body 
being  cast  off  by  the  centrifugal  force  of  the  rotating  one) — it  is  that  the- 
planet  or  Sun  must  turn  on  its  axis  with  a  greater  angular  velocity  than 
the  revolving  body  it  casts  off  by  its  rotary  force,  can  sweep  in  a  closed 
orbit  around  it.  Every  mechanic,  every  wood-man  that  ever  ground  an 
axe,  every  boy  that  ever  turned  the  stone  for  him,  knows  that  jets, 
drops,  or  specks  of  water  thrown  from  the  face  of  a  rapidly  turning 
grindstone  are  thrown  with  less  velocity,  certainly  not  with  greater, 
than  the  circumference  or  face  of  the  stone  whirls  round.  They  are 
left  behind  because  they  cannot  keep  up  with  its  angular  velocity.  It 
is,  therefore,  physically  impossible  for  either  of  the  two  inside  rings  of 
Saturn  to  have  originated  according'to  the  La  Placean  hypothesis. 

Yet,  when  first  framed,  the  evidence  in  its  favour  was  all  but  over- 
whelming. Only  one  valid  objection  could  be  urged  against  it  then — 
and  that  was  the  Uranean  moon  system.  Newton  in  his  day  had  not 
much  stronger  grounds  for  laying  down  his  theory  of  gravitation. 
Indeed  there  was  a  remarkable  similarity  between  the  two.  Both  wera 
numerical  verifications.  Newton  failed  at  first,  owing  to  the  incorrect 
measure  of  the  Earth  he  applied.  La  Place  from  theory  computed  the 
])eriod  of  rotation  of  the  outer  section  of  the  ring  system,  which  was 
afterwards  verified  by  observation.  Both  theories  had  almost  every- 
thing to  support  them  that  observation   and   reflection   could   bring  to 
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liear  on  them  when  first  propounded.  And  what  may  seem  a  strange 
coincidence,  each  theory  had  one  serious  objection  to  it.  The  one  was  tlie 
motion  of  the  lunar  apsides  not  agreeing  with  computation,  which 
Newton  never  cleared  up.  The  other  the  peculiarity  of  the  Uranean 
moon  system,  which  La  Place  could  never  reconcile  with  his  hypothesis. 
This  great  objection  to  the  Newtonian  theory  was  met  V)y  Clairaut, 
the  very  one  who  expressed  doubts  of  gravity  being  able  to  explain  it, 
ubout  the  middle  of  the  last  century.  By  the  end  of  the  century  the 
(loctrine  of  gravitation  became  so  firmly  established  that  it  can  never 
more  be  shaken.  Not  so  with  the  La  Placean  theory,  as  we  may  call  it. 
Misfortune  followed  in  its  wake  all  along.  Not  only  was  the  primary 
objection  to  it  never  answered,  but  others  loon)ed  up  as  new  discoveries 
were  announced.  About  the  middle  of  this  century  Neptune's  moon 
entered  his  protest — a  difterent  kind  of  protest,  too,  from  that  of  the 
Uranean  moon.s,  for  his  orbital  plane  lies  nearly  in  that  of  the  eclijrtic. 
Next  Phobos,  the  inner  moon  of  Mars,  appeared  on  the  scene,  and 
actually  vetoed  the  La  Placean  hypothesis  altogether.  And  last,  but  not 
least,  now  come  along  the  two  Saturnian  rings,  which  have  been  mutter- 
ing their  dissent  for  some  years  past — or  rather  now  emerge  out  of  the 
mist,  countless  millions  of  tiny  satellites,  sweeping  round  Saturn  in 
periods  of  revolution  less  than  Saturn's  period  of  rotation,  and  he 
rotates  pretty  fast — just  as  Phobos  does  round  Mars,  in  less  time  than 
Mars  rotates. 

So  the  last  prop  is  knocked  from  under  the  so-called  Nebular  Hypo- 
thesis 1  It  was  an  enchanting  dream,  and  entertained  many  in  its  time. 
It  had  many  opponents,  if  not  enemies,  at  first,  but  kept  gaining  friends 
all  along.  Every  one  will  regret  its  departure,  and  many  will  revere  its 
memory.  It  indeed  leaves  a  blank  behind  not  easily  filled.  A  similai- 
void  was  beginning  to  be  felt  a  hundred  and  fifty  years  ago,  when 
Clairaut  declared  gravity  inadequate  to  account  for  the  progression  of 
the  lunar  apsides.  It  looked  like  having  to  lapse  back  into  the  days  of 
darkness  before  Newton's  time.  It  was  only  a  j)assing  cloud  though, 
before  the  real  dawn  of  day. 

To  those  who  feel  the  loss  of  the  J. a  Placean  cosmogony  I  have  .-s 
crumb  of  comfort  to  offer.  If  that  is  not  the  true  theory,  some  other  is. 
whether  yet  discovered  or  no.  And  the  detection  that  one  is  not,  may 
be  the  harbinger  of  another  that  is. 

In  a  couple  of  years  or  so  from  this,  if  life,  health  and  mental  vigour 
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liold  out,  I  may  offer  a  theory  of  the  planetary  system,  by  wliich  the 
origin  of  all  the  planets,  primary  and  secondary,  and  the  zone  of  plane- 
toids, including  the  Saturnian  ring-system,  will  be  accounted  for  by 
one  general  law,  in  perfect  accordance  with  the  teaching  of  Newton's 
philosophy. 


TWENTY-FIRST  MEETING. 

October  -JOth  ;  Mr.  Arthur  Harvey,  F.R.S.C.,  occupied  the  chair. 
The  meeting  was  held  in  the  board  room  of  the  Toronto  Technical 
School,  College  street,  opposite  McCaul  street.  There  was  a  large 
attendance  of  members  and  friends,  who  wished  to  become  acquainted 
with  the  new  location.  The  Board  of  Management  had  set  apart  a  room 
to  serve  as  a  Library,  and  for  the  storing  of  apparatus,  etc.,  and  had 
promised  to  do  all  in  its  power  to  further  the  Society's  interests, 

A  communication  was  read  from  Dr.  M.  A.  Veeder,  of  Lyons,  N.Y., 
in  which  he  stated  that  he  was  obliged,  for  several  reasons,  to  give  up 
active  work  in  auroral  research.  The  Corresponding  Secretary  was 
requested  to  convey  to  Dr.  Veeder  the  Society's  appreciation  of  his 
labours,  and  to  express  the  hope  that  he  might  still  see  his  way  to 
continue  work  which  had  been  so  productive  in  the  past. 

Among  other  exchanges,  the  Librarian  reported  having  received 
several  copies  of  the  Journal  of  the  Astronomical  Society  of  Wales,  an 
association  recently  formed,  but  already  evincing  great  activity  in  the 
work  of  popularizing  astronomical  studies.  The  current  number  of 
Popular  Astronomy  was  also  laid  on  the  table.  Mr.  Lindsay  gave  a 
short  resume  of  the  matter  contained  therein,  and  referred  especially  to 
the  articles  by  Dr.  J.  Morrison,  formerly  of  Toronto,  on  the  "  Solar 
Ephemeris."  It  was  stated  that  the  articles  contained  information 
which  was  not  to  be  found  in  text-books,  certainly  not  in  such  as  the 
amateur  usually  meets  with. 

Some  questions  which  had  been  proposed  at  a  previous  meeting  were 
discussed.  A  merabtjr  had  asked  what  was  the  least  aperture  with 
which  the  companion  to  Sirius  could  be  seen.  To  this  Mr.  A.  F.  JNIiller 
replied  that  he  had  made  the  observation  in  a  10|-inch  reflector,  when 
the    companion    had    been    well    separated.       The    visibility    of    "dark 
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auroras  "  was  also  discussed,  and  some  notes  by  Dv.  Veeder,  bearing  on 
the  subject,  were  read. 

The  meeting  then  adjourned  for  the  purpose  of  allowing  the  members 
an  opportunity  of  inspecting  the  appointments  of  the  Technical  School 
and  the  advantages  which  the  location  would  offer  for  regulai"  and 
special  meetings.  It  was  thought  that  the  out-door  meetings  of  the 
Opera-glass  and  Lunar  Sections  could  be  held  on  the  grounds  veiy  suc- 
cessfully ;  there  was  a  good  horizon  for  observation  on  all  quaiters,  and 
the  proximity  of  the  building  to  the  Observatory  was  also  an  advantage. 
All  present  expressed  themselves  as  being  much  pleased  with  the  new 
location. 


TWENTY-SECOND  MEETING. 

November  12th  ;  held  in  the  Electrical  Room  of  the  Technical  School, 
Mr.  John  A.  Paterson,  M.A.,  Vice-President,  in  the  chair. 

This  was  an  open  meeting,  to  which  the  public  had  been  invited. 
There  was  a  very  large  attendance  of  members  and  their  friends.  The 
chairman  took  the  opportunity  of  r-eturning  thanks  to  the  members  of 
the  School  Board  for  their  kindness  in  providing  such  excellent  quarters 
for  the  Society. 

Prof.  Dr.  Kirschmann,  of  Toronto  University,  was  duly  elected  an 
active  member.  Routine  business  was  then  suspended  in  order  to  afford 
time  for  the  reading  of  the  paper  which  had  been  specially  prepai-ed  for 
the  evening  by  Mr.  G.  E.  Lurasden,  and  which,  it  had  been  announced, 
would  be  followed  by  an  exhibition  of  astronomical  photographs,  pro- 
jected on  the  screen. 

SOME    NOTES    ON    CELESTIAL    PHOTOGRAPHY 

was  the  suliject  of  the  paj)er  presented.  Mr.  Lumsden,  after  refer- 
ring to  the  many  investigators  whose  discoveries  had,  from  the  crudest 
beginnings,  led  to  the  present  high  standard  to  which  photograjihy  has 
attained,  thus  alluded  to  its  application  in  the  field  of  astronomical 
research,  and  to  some  of  the  many  respects  in  which  astronomers  are 
indebted  to  the  Art  for  an  enhanced  knowledge  of  celestial  objects  : — 

I  have  already  spoken  of  the  year  1839,  and  I  recall  it  for  the  pur- 
pose nf  reminding  you  that  in  that  year  the  French  astronomer  Arago, 
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in  announcing  to  The  Academy  of  Sciences  the  improvements  affected  by 
Niepce  and  Daguerre,  expressed  the  opinion  that  it  would  yet  be  possible 
•"  to  make  the  Sun  and  Moon  record  their  own  features  by  photography." 
Though  thus  encouraged  V)y  Arago,  Daguerre  apjjears  to  have  failed 
signally  in  solar  photography,  his  pictures  being  very  f:iint  and  devoid 
of  detail.  With  regard  to  the  Moon,  however,  better,  and  perhaps  the 
earliest,  success  was  attained  on  this  continent  by  Prof.  J.  W.  Draper, 
a,n  enthusiastic  English  physicist,  who  had  become  connected  with  the 
University  of  the  City  of  New  York.  For  some  years,  Draper  had  been 
at  work  along  lines  similar  to  those  being  followed  up  in  Europe,  and, 
as  a  result  of  his  experiments,  had  himself  introduced  some  improve- 
ments. It  is  claimed  for  him  that  so  early  as  1834  he  had  attempted  to 
photograph  the  lines  in  the  solar  spectrum  by  using  j)aper  which  had 
been  coated  with  bromide  of  silver.  He  failed,  V)ut  in  1843,  by  employ- 
ing daguerreotype  plates,  he  made  "photographs  of  the  diff"raction 
spectrum  by  a  grating,  both  by  reflection  and  transmission."  By  1840, 
Draper  had  succeeded  in  taking  a  pictuie  of  the  Moon,  with  respect  to 
which,  in  one  of  his  papers,  he  says  that  he  met  with  no  difficulty 
*'  beyond  that  which  arises  from  her  motion,"  practically,  it  n)ay  be 
observed,  the  only  difficulty  met  with  even  yet.  Of  course,  in  his  day 
the  difficulty  was  vastly  gi-eater,  because  the  exposures  were  very  long. 
To-day,  the  INIoon  may  be  photographed  in  a  fraction  of  a  second.  In 
Draper's  day  the  exposures  lasted  twenty  minutes.  The  pictures  were 
jilso  very  small,  being  only  an  inch  in  diameter,  though  taken  with  a 
photographic  lens  of  ffve  inches'  aperture,  armed  with  an  eye-piece  to 
increase  the  magnifying  power.  That  Draper  was  far  in  advance  of 
most  of  his  fellows,  was  proved  by  the  exhibition  bef(jre  you  two  years 
iigo  of  a  copy  of  the  ffrst  portrait  of  a  human  face  taken  by  sunlight. 
The  subject  of  the  })icture  was  Miss  Drapei-,  the  Professor's  sister,  who 
sat  as  still  as  she  could  before  the  camera  for  ninety  seconds.  The 
exposure  was  made  on  the  roof  of  a  ffat  building  so  as  to  get  the  full 
benefft  of  the  sunshine,  and  Miss  Draper's  face  was  dusted  over  with 
white  powder  in  order  that,  in  impressing  the  sensitive  plate,  the  Sun 
should  be  assisted  in  every  way  possible.  It  was  my  privilege  to  see  the 
original  daguerreotype  at  Oliicago  in  1893,  where  its  authenticity  was 
vouched  for  by  Sir  William  John  Herschell,  who,  on  a  seaich,  suggested 
in  that  year  by  the  University  of  New  York,  found  it  among  the  papers 
of  Sir  John  Herschell,  his  father,  to  whom   it  had  been  sent  by  Draper 
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in  1840.  Ou  the  2nd  of  April,  1845,  Foucault  und  Fizeau  succeeded  in 
taking  a  dagnerreotyije  of  the  Sun,  wliicli  was  reproduced,  as  a  very  tine 
plate,  in  Arago's  Popular  Astronomy.  In  1850,  the  ingenious  Bond, 
using  the  fifteen-inch  leftactor  of  Harvard  College,  secured  the  first 
really  valuable  photograph  of  the  lunar  surface.  Some  of  Bond's 
daguerreotyj)es  were  shown  in  England  in  1850  and  in  1851,  and  were 
so  good  that  "  they  took  the  .scientific  world  by  storm,"  the  language 
used  by  Dr.  H.  C.  Russell,  F.R.S.,  to  whose  paper  on  this  subject  I  am 
indebted  for  some  of  the  facts  here  enumerated.  Theieupon,  many 
English  amateur  astronomers  made  attempts  to  photograph  the  Moon. 
( )f  these,  Mr.  De  la  Rue  was  at  once  the  most  energetic  and  the  most 
successful,  though  perhaps  the  first  good  daguerreotypes  that  would  bear 
examination  umler  a  powerful  microscope,  were  taken  by  Mr.  Dancer. 
On  the  17th  of  July,  1850,  Bond,  at  Harvard,  a.ssisted  by  Wliipple,  took 
the  first  known  daguerreotype  of  a  star.  The  subject  chosen  was  Vega, 
a  brilliant  bluish-white  star  in  Lyra.  The  time  of  exposure  is  not  now 
known,  but  it  is  on  lecord  that  Polaris,  a  star  of  the  second  magnitude, 
made  no  imjn-ession  on  the  sensitized  ])late  no  matter  how  long  an 
•exposure  was  given,  and  that  the  bright,  easily  .separated,  yellowish- 
white,  first  magnitude,  double  star  Castor,  gave  only  an  elongated  image. 
In  1858,  Luther,  of  Koenigsberg,  showed  De  la  Rue  a  daguerreotype  of 
the  total  solar  eclip.se  of  1851,  taken  by  Busch  with  a  heliometer.  Not- 
withstanding great  difKculties.  De  la  Rue,  in  1852,  eventually  succeeded 
in  obtaining  some  good  lunar  images  about  one  inch  and  one-quarter  in 
diameter.  Others  in  England  who  worked  with  much  zeal  were  Ruther- 
ford, Reade,  Phillips,  Bates  and  Hartnup.  In  1851,  Hartnup  obtained 
ten  collodion  pictures  of  the  ^loon  nearly  one  inch  and  one-lialf  in 
diameter.  From  these  he  made,  on  glass,  co})ies,  enlarged,  some  of 
them,  to  four  and  one-half  inches,  which,  in  turn,  were  used  to  throw  on 
a  screen  faithful  images  of  the  Moon  eight  feet  in  diameter.  On  tlie 
21th  of  April,  1854,  Sir  John  Herschell,  in  the  interest  of  science,  sug- 
gested a  daily  ])hotographing  of  the  Sun,  and  the  Royal  Society  entrusted 
the  work  to  De  la  Rue,  for  whom  a  special  photo-heliograph  was  made 
by  Ross  the  optician.  Having,  l)y  1857,  secured  a  proper  driving-clock, 
De  la  Rue  succeeded  in  eclipsing  all  previous  efforts  wheresoever  made, 
and  in  producing  lunar  photographs  which  "  must  still  be  classed  as 
good,"  because,  though  but  one  inch  and  one-tenth  in  diameter,  they 
■boie  magnification  sufficient  to  show  the  existence  of  any  object  on  tl»« 
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Moon  if  it  were  two  miles  square.  Having  seen  Lord  Rosse's  great 
telescope  in  1857,  Dr.  Henry  Draper,  the  worthy  son  of  a  worthy  father, 
determined  to  construct  a  large  reflector  and  to  use  it  for  astronomical 
[)hotography.  With  a  silver-on-glass  mirror,  made  and  mounted  by  him- 
self, he,  in  the  course  or  several  years,  took  fifteen  hundred  photographs 
of  the  Moon,  one  of  the  best  of  which,  made  September  3rd,  1863, 
though  but  one  and  one-tenth  inches  in  diameter,  was  successfully 
enlarged  to  three  feet. 

In  the  meantime  Bond,  who  had  persisted  in  his  stellar  work,  suc- 
ceeded in  1857  in  photographing,  in  two  seconds,  Mizar,  one  of  the 
components  of  Zeta  Ursse  Majoris,  and  in  eight  seconds,  Alcor,  the  other 
component  which  is  green  in  colour.  Both  tliese  intervals  of  two  and 
of  eight  seconds  respectively,  are  each  fifty-three  times  as  long  as  the 
periods  now  required  to  photograph  the  same  stars  with  rapid  dry-plates. 
Lord  Bosse  himself  tried  celestial  photography  with  his  six  feet  reflector, 
but  his  eflforts,  for  want  of  a  driving-clock,  could  not  have  been  success- 
ful ;  at  least  no  photographs  taken  by  him  were  ever  published.  About 
this  time  it  occurred  to  Bond  that  the  photographic  method  could  be 
employed  for  determining  and  classifying  the  magnitudes  of  the  stars. 
As  a  result  of  his  exjierimental  work,  he  came  to  the  conclusion  that 
the  photographic  magnitudes  of  stars  increase  by  equal  areas  for  equal 
increases  in  times  of  exposure,  which  is  said  to  be  also  true  of  eye- 
estimates.  In  1860  and  1863,  De  la  Rue  succeeded  in  photographing 
sun-spots  on  a  scale  of  three  feet  and  of  thirteen  feet  I'espectively.  In 
1858,  Mr.  Underwood  exhibited  what  was  claimed  to  be  the  first  photo- 
graph of  a  comet,  l)eing  that  of  Donati,  taken  in  seven  seconds  with  a 
small  portrait-lens,  which  gave  an  image  about  one  inch  in  length.  In 
1861,  De  la  Rue  disputed  the  accuracy  of  the  claim,  alleging  that  all  of 
liis  own  attempts  to  photograph  the  comet  of  1861,  as  well  as  that  of 
Donati,  had  failed,  though  he  had  employed  both  a  telescope  and  a 
portrait-lens,  and  had  given  exposures  as  long  as  fifteen  minutes.  In 
1860,  De  la  Rue  met  with  most  gratifying  success  in  jthotographing  at 
Rivabellosa,  in  Spain,  the  total  ecli]jse  of  that  year.  De  la  Rue  took 
two  photographs,  which  not  only  showed  the  red  prominences,  but 
proved  that  the  prominences  do  not  belong  to  the  Moon.  Father 
Secchi's  photographs,  taken  at  a  point  240  miles  from  Rivabellosa,  con- 
firmed those  of  De  la  Rue,  thus  setting  forever  at  rest  "  a  much  vexed 
question    of    those  days."     On  tlie  27th  of  February,   1863,   Dr,   Wnu 
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Huggitis  obtained  a  photogiaph  of  the  spectrum  of  Siiius.  hut  fioin 
instrumental  inadequacy,  got  no  indication  of  lines,  though  the  spectrum 
"was  tolerably  well  defined  at  the  edges."  In  18G4,  Kutherfuid,  of 
Harvard,  figured  the  first  telescopic  objective  iniended  for  photographic 
purposes,  and  with  it  succeeded  in  getting  on  his  plates  in  ihi'ee  minutes 
impressions  made  by  stars  of  the  ninth  magnitude.  On  the  11th  of 
January,  1809,  Janssen  pointed  out  that  it  was  possible  to  isolate  any 
part  of  a  spectrtun  by  placing  a  second  slit  near  the  eye-piece, — "  an 
idea  which  underlies  some  of  the  most  remarkable  results  of  the  ])resent 
day  :"  but  which  lay  dormant  until  1892.  In  1870,  l)y  using  an  open 
slit  on  the  spectroscope,  Prof.  C.  A.  Young  photographed  the  solar 
prominences.  In  1872,  Draper  having  made  a  24-iiich  reflecting  tele- 
scope, photographed  the  spectrum  of  Vega,  "  showing  four  strong  lines." 
In  the  same  year,  Dr.  Ellery,  of  Melbourne,  produced  the  finest  photo- 
graph of  the  Moon  "seen  up  to  that  date."  In  1873,  Sir  George  Airy 
acceded  to  a  general  request  that  during  the  approaching  transit  of 
Venus  photography  should  be  employed  for  determining  the  position  of 
the  planet  on  the  solar  disc.  The  results,  however,  were  not  as  success- 
ful as  had  V)een  hoped  for.  The  year  1876  was  made  notable  by  Huggins 
who,  after  many  experiments,  announced  his  preference  for  dry-plates, 
which  had  been  introduced  in  1871,  and,  as  a  result,  the  use  of  the 
collodion  process  in  astronomical  photography  was  gradually  I'elinquished. 
One  decided  advantage  derived  from  the  adoption  of  the  dry-[jlate  was 
the  acquired  ability  on  the  part  of  the  photographer  to  extend  his 
exposures,  necessarily  short  with  the  wet-plate  process,  to  hours,  and 
even  to  days,  did  the  faintness  of  any  given  object  require  it.  Huggins 
was  now  able  to  photograph  the  spectrum  of  Vega,  and  to  discover  that 
of  the  seven  lines  recorded,  two  coincided  with  those  of  hydrogen — an 
important  advance  in  knowledge.  In  1877,  Draper  announced  his 
discovery  of  oxygen  in  the  Sun.  In  the  same  yeai-,  Janssen  got  solar 
images  twelve  inches  in  diameter,  which  displayed,  in  sharp  detail,  sun- 
spots,  willow-leaves,  rice-grains,  and  a  tine  photospheric  net-work — an 
advance  due  to  the  use  of  an  improved  flashing  shutter,  which  permitted 
of  an  exposure  as  short  as  the  one  two-thousandth  part  of  a  second.  In 
1878,  Draper,  during  a  total  eclipse  of  the  Sun,  photographed  the 
spectrum  of  the  solar  corona.  In  1879,  Huggins  reported  that  he  had 
.secured  impressions  of  the  s[)ectra  of  Sirius,  Vega,  Arcturus,  Betelgeux, 
Capella,  Rigel,  and  of  Alpha  and  Beta  Pegasi,  and  of  Alpha  Herculis 

15 


1 14  The  Astronoraical  (ind  Physical  Society  of  Toronto. 

axuX  of  Venus,  Mars  and  Jii|)iter,  and  .sug£;est,(^d  pliotogiapliy  for  the  dis- 
covery of  variable  stars.  In  1881,  Dr.  H.  C.  Vogel,  of  Berlin,  photo- 
graphed the  spectra  of  raritied  oxygen  ;  Draper  the  spectrum  of  the 
Great  Nebula  in  Orion,  and  Huggins,  Draper  and  Janssen,  indepen- 
dently, the  .sj)ectrum  of  Comet  b  of  that  year.  In  1882,  Hnggins  and 
Draper  secured  slill  better  ))hotographs  of  the  spectrum  of  the  Orion 
Nebula,  and,  by  using  absorbing  media,  Huggins  succeeded  in  photo- 
giaphiiig  the  solar  corona  without  an  eclipse.  In  1883,  Dr.  E  C. 
Pickering  de.signed  a  very  ingenious  star-camera  for  the  purpose  of 
making  regular  comparisons  of  star  magnitudes.  In  1881,  the  worthy 
brothers  Henry,  of  Paris,  while  photographing  the  small  stars  in  the 
ecliptic  found  upon  their  plates  the  trails  of  asteroids,  and  since  then 
])hotography  has  been  successfully  resorted  to  as  a  means  of  discovering 
these  minute  planets,  of  which  more  than  four  hundred  are  now  known 
to  exist.  In  1885,  the  Henrys,  with  a  larger  camera,  discovered  the 
nebula  surrounding  tlie  star  Maia  in  tlie  Pleiades.  They  even  succeeded 
in  getting  on  their  plates  stars  of  tlie  .seventeenth  magnitude — that  is, 
stars  which  have  never  been  seen  by  the  human  eye,  tlioiigli  a.ssisted  by 
the  most  powerful  telescopes  of  the  a.f,e,  thus  incoiitestably  proving  the 
superiority  of  photography  over  visual  work  in  some  tields  of  research. 
In  the  same  year,  the  value  of  Pickering's  stellar  negatives  was  shown 
bv  the  convincing  proof  they  atibrded  of  the  variability  of  the  new  star 
in  the  Orion  Constellation  which  had  been  discovered  by  Mr.  J.  Ellard 
Gore.  An  examination  of  the  plates  at  the  Observatory  revealed  the 
fact  that  the  star,  as  a  much  fainter  object,  however,  had  been  photo- 
graphed at  Harvard  five  weeks  before  n.iked  eye  discovery.  On  the 
15th  of  March,  1885,  Tromholt,  at  Chrlstiania,  photographed  a  ver^- 
brilliant  auiora.  In  1886,  Dr.  Pritchard,  at  Oxford,  successfully  applied 
the  photographic  method  to  the  determination  of  parallax,  .selecting  61 
C3'gni  for  the  [)urpose.  In  the  same  year.  Dr.  Isaac  Rol)erts,  who  iiad  been 
eminently  successful  in  faint  object  photogra[)hy,  discovered  that  the 
^Nlaia  nebula  was  much  larger  than  had  been  supposed,  "  many  brandlings 
seeming  to  form  a  background  for  the  whole  cluster  of  the  Pleiades." 

In  1887,  agreeably  with  an  invitation  from  Admiral  Mouchez, 
Director  of  the  Oliservatory,  fifty-four  astronomers  of  all  nations  met  in 
Paris  and  agreed  to  undertake  to  photograph  all  the  stars,  partly  for 
the  purposes  of  measurement  and  for  cataloguing,  and  pai  tly  for  the 
purposes    of  comparison    throughout    future    years — a    labour    of   love, 
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which  has  ])i-ogressed  far  towards  completion.      Continuing  our  record,  it 
mav  be  mentioned   that    Huggins  was   the  first  to  use  the  spectroscope 
for  determining  the  motion  of  stars  in  the  line  of  sight,  as  was  Prof.  J. 
E.  Keeler  to  determine  tliat  of  certain  nebuh«,  and,  later,  the  composi- 
tion of  Saturn's  rings.      Vogel  was  the  tirst,  however,  to  employ  photo- 
graphy to    recnrd  spectra  in  oider  to  determine  star  motions  in  the  line 
of  siglit.      Fifty-one   stars   were   selected    for    this    purpose,    and    their 
motions     satisfactorily     decided.      Oa    the    29th    of    December,    1883, 
Roberts  siupi-ised  the  scientihc  world  by  his  famous  photogra|)h    of  the 
•Great  Kebula  in  Andromeda,   wliicli   showed    its   extent  and  complex 
character.      Un'ier  tlie  supervision  of  Pickering,  and  as  the  result  of  the 
muniticcnce  of  Mrs.  Henry  Draper,  now   a   widow,  and  of  Miss  C.    W. 
Bruce,  all  the  spectra  of  stars  above  the  eleventh  magnitude  are  being 
photogiaplied  liy  Harvard  astronomers  for  future   reference.      Already, 
as  depending  upon  these  plates,   it   has   been  discovered    b}-  two  of  the 
many  ladies   em[)loyed    on   the   com[)Uting  and    mea-uring  staff  of  the 
Observatory,  that  the  stars  Mizar  and  Beta  Anrigse  belong  to  a  hitherto 
unknown  class  of  binary  systems.      These  suns,  even  in  the  most  power- 
ful telescopes,  appear  as  single  stars,  yet   they  are  really  composed  ,of 
two,  each  major,  or  prim:iry,  star  having  in  ra[)id  revolution  ai'ound  it  a 
companion  wiio.se  existence   had   not  ])reviously  been  suspected.      These 
solar  .systems  are  situated  at  a  vast  distance  from  us.      The  smaller  suns, 
for  they  are  suns,  are  so  close  to  the  larger  ones  that,  at  their  lespective 
distances,  no  telescojje  ever  likely  to  be  constructed  will  reveal  them  as 
separate  stais.      If  you  mark  otf  into  thirty  equal    parts   a  line  equal  to 
the  diametei-  of  the  full  JSIoon,  as  seen  from  the  Earth,  you  will,  roughly 
speaking,  h;ive  thirty  minutes  of  aic.      if  you    sub-divide   any  of  these 
minutes  of  arc  into  sixty  equal  parts,  you  wUl  have  sixty  seconds  of  arc. 
You  will  tiien  perceive  that  one  second  of  are  is  a  very  minute  quantity 
to  measure.      When  two  suns  are  .said   to  be  separateil   by  one-half  of  a 
second  of  arc,  it  is  meant  that  in  a  telescope  sufficiently  ])Owerful  there 
may  be  seen  between  them  a  space  of  black  sky  one-half  of  a  second  of 
arc  in  width.      Stars  separated  by  less  than  one-tenth  of  a  second  remain 
as  single  stars  in  all  but  the  best  telescopes  in  existence.     There  is,  there- 
fore, no  hope  that  any  instrument  will  ever  be  eqiuil  to  divitling  visually 
Mizar  and  Btta  Aurigse,  because  their   spectra   show  them  to  be  se])ar- 
ate  1  from  each  of  their  companions,  that  is  as  seen  from  the  Earth,  by  a 
<listance  so  infinitesimal  as  the  one  four-thousandth  part  of  a  second  of 
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arc.  But  for  photography,  which  enables  the  astrdnomei  to  record  and 
measure  the  sj)ectra  of  the  stars,  this  discovery  might  never  have  been 
made.  But  time  presses,  and  we  must  ))ass  on,  tho'"gh  much  couhl  be  said 
of  the  photographic  achievements  of  able  men  like  HohJen,  Deslandres, 
Lockyer,  Seabrooke,  Russell,  Gill,  Burnham,  Schaeberle,  Barnard, 
Brooke,  Lohse,  Zenger,  Ricco,  Gothard  and  others  whose  names  will 
occur  to  you,  their  work  having  been  more  modern  than  that  of  those 
astronomers  to  whom  previous  reference  has  been  made.  Still,  special 
mention  must  not  be  omitted  of  the  original  and  valuable  work  of  Dr. 
G.  E.  Hale,  of  Chicago,  who  has  been  appointed  to  be  the  Director  of 
the  new  Yerkes'  Observatory  near  Lake  Geneva.  Dr.  Hale  has  been 
able,  largely  by  means  of  ingenious  devices  of  his  own  invention,  to 
photograph,  for  the  first  time,  all  of  the  visible  solar. phenomena,  includ- 
ing the  faculse  on  the  central  portions  of  the  Sun's  di.sc.  Being  yet  a 
young  man,  with  opportunities  which  seldom  fall  to  the  lot  of  young 
men.  Dr.  Hale,  has,  no  doubt,  before  him  a  long  and  useful  caieer. 

A  fundamental  point  to  be  settled  with  regard  to  the  effectiveness 
of  any  photographic  telescope  is  to  determine  its  light-gathering  power. 
Tlie  rapidity  of  the  action  of  an  object-glass,  or  of  a  mirror,  for  photo- 
graphing a  luminous  surface  depends,  all  other  things  being  equal,  on  the 
square  of  the  ratio  of  its  aperture  to  its  focus.  A  small  lens  of  very 
short  focus  will  photograph  a  much  fainter  surface  than  a  large  telescope 
can.  With  faint  stars,  if  an  enlarging  lens  be  inserted  between  the 
focus  and  the  photographic  plate,  still  better  definition  will  be  secured.. 
In  a  visual  telescope,  aperture  is  more  important  than  focal  length,  which 
is  of  little  consequence,  the  magnification  depending  on  the  eye-piece.  In 
the  case  of  a  photographic  telescope,  the  main  question  is  one  of  focus, 
the  aperture  having  nothing  to  do  with  the  result ;  if,  for  instance,  the 
aperture  were  to  be  made  twice  as  large,  other  things  being  equal,  the 
operator  would  simply  give  a  much  .shot  ter  exposure.  It  has  been  found 
by  a  study  of  the  faint  stars  lying  within  the  Hnyghenian  region  of  the 
nebula  of  Orion,  that,  for  a  region  of  this  brightness,  a  photographic 
telescope  whose  focal  length  is  sixteen  feet,  whatever  its  aperture,  is 
equal  to  a  visual  telescope  of  eight  inches'  diameter,  whatever  its  focal 
length.  Outside  of  this  region,  and  within  that  portion  of  the  nebula 
that  can  be  readily  seen,  the  photographic  instrument  is  equal  to  a  visual 
telescope  whose  aperture  is  fifteen  inches.  Against  a  perfectly  black 
backgioinid  of  .sky,  a  photographic  refracting  telescope  with  two  hours' 
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-exposure  sliould  be  nearly  equal  to  a  visual  telescope  of  the  same  size. 
For  stars,  however,  the  rule  is  modified  by  the  character  of  the  image  to 
be  obtained.  In  geneiul,  with  any  form  of  telescope,  apertures  being 
equal,  it  is  found  that  the  shorter  the  focus  the  fainter  the  stars  that  can 
be  photogi-aphed.  Stars  surrounded  by  a  nebula  form  an  exception. 
With  a  rapid  doublet  and  an  hour's  exposure,  the  light  of  a  bright 
nebula  completely  obliterates  all  the  stars  found  within  it.  The  light 
of  a  nebula  is  diminished  in  proportion  to  the  square  of  the  focus  of  the 
lens,  while  the  brightness  of  the  stars  decreases  much  more  slowly. 
Therefore,  by  giving  a  somewhat  longer  exposure,  the  star  images  will 
be  as  bright  as  before  and  the  nebida  fainter.  With  the  focus  sufficiently 
long,  stars  could  be  photographed  at  mid-day. 

In  a  masterly  discussion  of  the  whole  subject  (see  Anncds,  Harvard 
Observatory,  Vol.  XXXIL,  Part  I.),  Prof.  W.  H.  Pickering,  to  whom  I 
am  largelv  indebted  for  the  information  collated  here,  explains  that 
three  kinds  of  telescopes  may  l)e  employed  in  photography,  viz.,  the 
refractor,  tlie  reflector  and  the  doublet.  The  doublet,  he  says,  is,  in 
fact,  a  very  lai-ge  camera  with  lenses  ground  to  curves  like  those  of  the 
portrait-lenses  found  formerly  in  photograph  galleries,  but  now  largely 
displaced  by  those  of  the  rapiil  rectilinear  varieties.  Each  of  these 
photographic  telescopes  has  its  own  tield  of  work  in  which  it  would  be 
useless  to  attempt  to  supplant  it  with  either  of  the  others.  The  refrac- 
tor gives  the  best  definition  and  has  a  moderately  sized  field  of  two  or 
three  degrees,  depending  upon  the  character  of  the  definition  demanded. 
Having  a  smaller  angular  aperture,  it  is  particularly  ada])ted  to  the 
photographing  of  the  bodies  composing  the  solar  system,  certain  bright 
star-clusters  and  nebulte  and  widely  separated  double-stars.  The  plates 
taken  by  it  are  also  best  adapted  for  the  measurement  of  position. 
Reflectors  and  doublets  can  be  made  with  large  angular  apertures  and 
are,  therefore,  well  suited  for  photographing  faint  oVyects  of  all  kinds. 
The  tield  of  a  reflector  never  exceeds  one  degree  unless  the  angular  aper- 
ture of  the  telescope  is  very  small.  On  the  other  hand,  a  doublet  has  a 
very  large  field  and  gives  good  definition  over  a  circle  seven  degrees  in 
diameter, or  throughout  a  square  measuring  five  degrees  on  each  side.  For 
manv  purposes,  a  doublet  will  give  sufficient  definition  over  a  field  ten 
degrees  square.  In  a  word,  for  bright  ol)jects  and  sharp  definition,  use  a 
refractor ;  for  ordinary  nebulie  and  faint  stars,  use  a  reflector  ;  for  the  faint- 
-est  and  very   large  nebula^,    and    for   charting   use   a   doublet,    and    for 
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the  very  largest  r.ebula?,  use  a  small  doublet  wilh  a  wide  angular  aperture 
and,  at  the  aume  lime,  a  laige  field.  Witli  respect  to  the  liglit-gathering 
power  of  a  telescope,  there  is  one  correction  which  must  not  be  over- 
looked, viz.,  the  correction  dependent  upon  the  absorption  of  the  glass 
of  which  the  objective  in  a  refractor,  or  the  metallic  surface  forming  the 
mirror  in  a  rtflector  is  made.  Visually,  absorption  is  matter  of  small 
account;  photographically,  it  is  of  great  moment.  A  refractor  of,  say,, 
fifteen  inches,  if  made  of  perfectly  colourless  glass,  transmits  about  forty 
per  cent,  of  the  actinic  energy  it  receives,  but  if  either  of  the  lenses 
forming  the  objective  shows  a  small  tinge  of  yellow,  it  will  transmit 
very  mucli  less.  A  doublet  transmits  still  less,  say  about  twenty-five 
per  cent.  Here  large  reflectors  have  the  advantage,  silver-on-glasa 
reflecting  about  fifty  per  cent,  of  all  the  actinic  energy  which  strikes  it. 
To  a  certain  degree,  however,  the  absorption  even  in  the  case  of  the 
reflector  depends  upon  the  colour  of  the  light  reflected. 

A  photographic  telescope  intended  for  the  most  difiicult  classes  of 
work  necessitating  long  exposures,  must  not  only  be  constructed  according 
to  the   best  models,  but  must  be  mounted  in  the  most  rigid  manner 
possible,  and  be  driven  by  a  clock  of  the  highest  excellence.      From  the 
writings  of  those  who  have  done  such  work  and  have  used  such  apparatus^ 
some  idea  may  be  gained  respecting  the  extreme  accuracy  with  which 
the  mechanical  adjustments  must  be  made,  and  the  care  with  which  they 
must  be  employed.      For  instance,  in   a  telescope  of  sixteen  feet  focal 
length,  a  second  of  arc  is  rather  less  than     001   of  an  inch,  a  quantity 
quite  invisible  to  the  naked  eye.      The  image  fallii  g  ui)on  a  photographic 
plate  must  not  shift  from  one  side  to  the  other  from  its  true   j)osition, 
even  l)y  this  small  amount.      If  an  enlarging  lens  be  in  use,  a  .shift  of 
"0005  of  an  inch  will  be  evident,  and  probably  one  of  "0002  would  be 
noticeable.      While  this  must  be  the  rule  in  special   work  on   the   JMoon 
and  other  bright  surfaces,  like  accuracy  is  not  required  iu  the  case  of 
faint  objects,  such  as  stars  where  a  slight  elongation  is  not  objectionable^ 
as  it  is  only  by  this  elongation  that  stellar  inipres.sions,  in  certain  cases, 
can  be  distinguished  from  the  minute  imperfections  in  the  filni  on   the 
plate.      Even  when  these  telescopes  are  driven  by  the  finest  clocks  yet 
constructed,  the  operator  is  obliged  to  attend  them   during  every  second 
of  time  the  exposures   are  being   made.      For   reasons   that    cannot  be 
explained  here,  it  has  so  far  been  found  to  be  impossible  to  construct  a 
clock  which,  under  all   circumstances,  will  drive,  for  hours  at  a  time,  a. 
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telescope  with  the  perfect  accuracy  that  would  render  it  independent  of 
liuman  supervision.  Tlie  motion  wliich  must  be  counteracted  by  the 
clock,  is  that  due  to  the  rotation  of  the  Earth  on  her  axis.  It  is  this 
motion,  of  which  we  are  entirely  insensible,  which  causes  the  Sun,  Moon 
and  stars  to  move  apparently  towards  the  West.  The  Karth  carries- 
everything  on  her  surface  in  the  o|iposite  direction,  or  towards  the  East, 
at  a  speed  varying  as  the  distance  from  the  equator,  where  every  object 
is  continuously  moving  at  a  velocity  exceeding  one  thousand  miles  an 
hour,  or  about  eighteen  miles  a  minute.  This  real  motion,  of  which  we 
are  not  .'sensible,  creates  in  the  heavens  an  apparent  motion  of  which  the 
astronomer,  and  particularly,  the  astronomical  photographer  must  take 
account  every  instant  he  is  at  work.  The  duty  of  the  driving-clock  is 
to  move  the  telescope  with  the  stars  at  a  rate  so  exact  that  to  anv  one 
looking  into  the  instrument  the  stars  stand  perfectly  still  hour  after 
hour.  It  is  to  this  duty,  which  at  present  the  astronomer  must  share, 
that  Prof.  Pickering  alludes  when  he  speaks  of  the  necessity  of  keeping 
the  photographic  image  always  falling  exa-^tly  upon  the  same  spot.  And 
this  it  is,  which,  while  it  makes  celestial  photography  so  arduous,  renders 
the  work  of  the  successful  photographer  glorious  and  valuable,  having 
regard  to  the  purposes  of  future  measurements  and  comparisons. 

There  are  in  this  city  two  equatorially  mounted  clock-driven  refract- 
ing telescopes  wdiich  can  and  have  been  employed  for  the  purposes  of 
astronomical  photogra[)hy  of  the  more  dilficult  kinds.  But  for  the  major- 
ity of  our  members  such  instruments  of  precision  are  beyond  their  reach. 
For  this  reason,  some  of  the  special  pleasures  associated  with  the  art  are 
denied  to  some  of  us,  but,  l)api)ily,  this  denial  is  not  so  sweeping  that 
we  must  be  deprived  entirely  of  a  shai-e  in  this  work.  With  any  tele- 
.scope  howsoever  mounted,  very  good  photographs  of  the  Sun  and  Moon 
may  be  taken,  the  requisite  exposures  being  practically  instantaneous. 
If  the  in)ages  are  small  they  can  be  enlarged  by  processes  faniiliar  to 
an3-one  conversant  with  photography  in  any  of  its  branches.  It  is  very 
easy  to  adapt  to  the  eye-end  of  any  telescope  a  light-tight  box  made  of 
sheet-metal  or  wood,  or  even  of  paste-board,  which,  for  one's  first  lessons, 
may  be  used  as  a  camera  in  which  to  ex})ose  sensitive  plate.s,  which  can 
be  had  of  all  sizes  and  speeds  and  at  very  small  cost.  Indeed,  after  one 
gains  some  experience,  these  very  facilities  will  be  found  to  be  quite 
adequate  for  work  of  a  character  more  pretentious  than  what  might  be 
characterized  as  experimental  and  elementary.      I   have    here  a  camera 
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made,  in  a  couple  of  hours,  of  slieet-copper.  It  is  very  light  and  can  in  a 
moment  be  attached  to  the  eye-end  of  a  reflecting  telescope.  With  it 
very  fail-  photographs  of  the  Sun  and  Moon  have  been  taken.  Similar, 
simple  but  none  tiie  less  effective,  cameras  have  been  made  for  other 
telescopes  in  this  city  and  some  very  creditable  negatives  liave  been 
developed  from  the  ])lates  exposed  in  them.  There  is  no  reason  why  the 
pleasure  of  taking  instantaneous  views  of  the  Sun  and  Moon  shoiild  not 
be  participated  in  by  scores  instead  of  a  dozen  or  so  members  of  the 
Society.  To  this  pleasure  may  be  added  the  delight  attaching  to  the 
development  of  one's  plates  and  the  printing  of  pictures  from  them. 
And  now  that  facilities  for  making  lantern-slides  are  within  reach  of  any 
of  us,  there  is  still  another  pleasure  to  be  derived  from  photography, 
namely,  the  exhibition  of  slides.  With  appliances  such  as  have  been 
described  exposures  can  be  made  on  the  planets  and  the  bright  stars. 
But  even  for  the  fainter  stars  photographic  telescopes  are  not  absolutely 
essential  if  one  have  the  necessary  driving  apparatus,  some  of  the  best 
photogra))hs  of  the  stars,  of  vast  nebula?,  and  even  of  comets  having  been 
taken  with  ordinary  portrait-cameras  similar  to  those  found  in  studios 
scattered  throughout  the  country.  The  lenses  and  focal  lengths  of  these 
cameras  are  extremely  well  adapted  to  several  most  interesting  varieties 
of  photographic  work.  Nay,  even  the  one  and  a-half  inch  lens  belonging 
to  a  cheap  oil-projecting  lantern,  such  as  are  used  at  magic-lantern 
entertainments,  have  been  found  to  be  capable  of  photographing  objects 
utterly  beyond  any  photographic  telescope,  though  it  cost  many  thousands 
of  dollars.  Such  lenses  have  even  made  discoveries  which  would  never 
liave  been  made  had  discovery  depended  upon  a  telescope,  or  an  ordinary 
telescojuc  camera.  In  proof  of  this,  it  may  be  mentioned  that  in  1890, 
Prof.  W.  H.  Pickering,  with  a  small  portrait-camera,  like  that  described, 
discovered  the  Greater  Orion  Nebula,  which  is  vastly  larger,  though 
fainter  than  the  "  Great  Nebula,"  with  which  astronomers  have  long 
been  familiar.  In  1894,  Barnard,  who  had  not  heard  of  Pickering's  dis- 
covery, independently  found  the  same  nebula  on  a  plate  he  chanced  to 
expose  in  a  camera  armed  with  a  cheap  oil-jnojecting  lens  such  as  has 
been  referred  to.  This  discovery  was  the  result  of  an  effort  to  see  what 
such  a  "  toy-lens  "  could  do.  This  lens  covers  a  field  of  thirty  degrees, 
of  which,  however,  only  one-half  degree  is  flat,  yet  Barnard  assures  his 
readers  that  it  is  adapted  for  photographing  comets,  meteors,  and 
nebulosities.      The  new  Moon  herself  has  been  photographed  by  it  in  from 
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one  to  thiee  seconds,  that  jtortion  of  her  surface  illinninated  l»y  Earth- 
shine  bein<^  well  brought  out.  By  means  of  this  lens,  costing  but  a  few- 
dollars,  clouds  in  the  Milky  Way  have  been  photographed  in  ten  to 
fifteen  minutes  and  the  Great  Nebula  in  Orion  has  made  a  good  impres- 
sion on  a  ])late  in  less  than  one  hour.  With  it,  too,  Barnard  last  summer 
proved  the  existence  in  Scorpio  of  a  hitherto  unsuspected  nebula,  occupy- 
ing a  region  of  the  heavens  upon  which  telescopes  have  been  turned  for 
generations,  but  without  revealing  its  jjresence. 

But  photography  is  a  useful  assistant  not  only  to  the  astronomer 
but  to  the  meteorologist,  as  I  am  sure  Mr.  R.  F.  Stupart,  the  Director 
of  the  Toronto  Observatory,  or  any  member  of  his  staff,  will  demonstrate 
to  any  one  who  cares  to  examine  into  this  branch  of  scientific  work. 
The  instruments  of  which  a  [ihotograpliic  record  of  ch;inges  is  kept  at 
the  Observatory  are  the  barometer,  ih-y  and  wet-bulb  thermometers, 
declinometer,  and  horizontal  and  vertical-force  magnetometers.  In  each 
of  these  instiuments  the  principle  developed  is  the  same,  viz.,  the  action 
of  light  on  ])hotographic  paper  wound  around  a  cylinder,  which  revolves 
by  clock-work  once  in  twenty-four  hours.  In  the  case  of  the  barometer, 
the  light  from  a  gas-jet  shines  througii  the  slit  between  the  top  of  tlie 
barometer-case  and  the  mercury  in  the  tube  and  pa.sses  thence  to  the 
cylinder.  In  the  case  of  the  thermometers,  a  ray  of  light  is  pa.ssed 
through  an  air-speck  in  the  mercurial  column  of  a  specially  prepared 
thermometer,  and  is  reflected  back  on  the  cylinder,  which  is  placed 
within  the  building.  In  the  case  of  each  of  the  magnetometers,  a  slit  of 
light  is  passed  through  a  lens  on  to  two  mirror.s,  one  of  which  is  attache<l 
to  the  magnet  and  the  other  to  the  base  of  the  instrument,  and  thence, 
after  being  brought  to  a  focus  by  being  passed  through  a  semi-cylindrical 
lens,  the  two  rays  fall  on  the  cylinder — the  ray  from  the  statioiiary 
mirror  affording  a  base-line.  In  order  to  have  a  time-scale,  an  automatic 
cut-off  of  the  light  acts  every  two  hoar.s,  and  the  accuracy  of  the  time- 
scale  is  dependent  on  the  bargraph-clock,  which,  l)y  means  of  an  electric 
attachment,  cuts  off  the  light. 

When  one  glances  over  the  field  of  astronomical  photography  and 
sees  men  like  Roberts,  Commou,  Rus.sell,  EUery,  the  Henrys,  Barnard, 
Pickering,  and  many  others  who,  regardless  of  exposures  during  the  long 
vigils  of  the  night,  often  sharpened  by  bitter  cold,  and  with  their  eves 
glued  to  the  finders  of  their  instruments,  compelled,  as  second  after 
second  grows  into  weary  hour  after  weary  hour,  to  stand  or  sit,  some 
16 
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times  it!  uncomfortable  positions,  guiding  their  telescopes,  one  cannot 
but  exrl.-iim,  ALL  HONOUR  TO  TdKM  !  Gieat  as  are  tlie  present  admitted 
obligations  of  Science  to  these  num.  and  to  the  mei\  who  have  gone 
before  them,  it  mi}'  brf  that  the  full  measure  of  the  value  of  their  work 
shall  not  be  known  for  centuries,  or,  at  least,  until,  for  the  pur[)Ose3  of 
comparison  and  verification,  the  astronomers  of  the  future  have  had 
occasion  to  refer  their  own  oV)servations  to  the  enduring  i-ecords  now 
being  compiled.  In  adding  to  the  knowledge  of  his  day,  Ptolemy  was 
in  no  small  measure  indebted  to  the  labours  of  Hipparchus,  and  to  the 
crude  star-map  that  ))hilosopher  left  behind,  him.  Copernicus,  in  turn, 
was  indebted  to  Ptolemy.  Kepler  was  indebted  partly  to  Copernicus 
and  very  largely  to  the  long  and  unselfish  labours  of  Tyiho  Biahe. 
Newton,  for  his  immortal  discoveries,  was  entirely  dependent  upon  infor- 
mation derived  from  other.s.  Some  observations  he  used  descended  to 
him  from  the  time  of  the  Chaldeans.  Others  were  provided  for  him  by 
contemporaries,  who  toiled  away  in  their  okservatories  and  computing 
rooms  to  make,  ©r  reiluce,  observations  necessary  tfo  the  completion  of 
hLs  woi-k.  And  so  it  may  be  with  our  own  contemporaries,  wlio,  in  her 
interests,  are  giving  to  Science  so  lavishly  of  their  time  and  of  their 
means.  Upon  their  work  may  be  depending  discoveries  of  immense 
importance,    of    which  to-day  no   man  is  even  dreaming. 

Probably  you  will  allow  me  to  conclude  this  jjaper  with  a  series  of 
paragraphs  which  must  be  interesting  to  us  all,  and  which  should  be 
useful  to  many,  as  they  contain  information  (compiled  from  various 
authentic  sources,  or  kindly  placed  at  our  disposal  by  the  stalls  of  leading 
observatories  in  Europe  and  Ameiica. 

As  a  rule,  experienced  pliDtogiMphers  will  advise  you  to  use,  in 
terrestrial  work,  the  slowest  plate  your  subject  will  allow.  Excellent 
plates  of  extreme  speed  have  been  made,  but  so  far  it  is  impossible  to 
make  rapid  plates  which  possess  the  best  cpialities  foiuid  in  lirst-clas* 
plates  of  average  lapidity.  The  same  rule  appears  to  hold  good  in 
astronomical  work.  Use  the  slowest  plate  that  will  do  justice  to  the 
celestial  object  al)out  to  be  ])hotographed.  Take  two  photographs  of 
each  object,  with  slightly  different  exposures,  so  as  to  guard  against 
uneven  films  and  possible  insufficient  exposure.  On  the  Sun,  use  slow 
plates  and  reduce  your  telescopic  aperture  to  at  least  three  inches, 
depending,  if  necessary,  upon  enlargement,  either  by  an  eye-piece,  or  by 
the  enlarging  camera.  On  the  Moon,  use  slow  plates  if  you  are  photo- 
graphing   the    brightest    portions ;  the    most    rapid    plates    if   you    are 
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exposing  for  the  teriiiinatoi-.      On  stars,  use  rapid  plates,  selecting  higher 
rates  '  if  speed  as  tlie  faintiiess  of  the  object  increases.     'For  tlie  Moon, 
the  most  popular  object  for  th"  amateur,  one  autliority  lecommends  that 
the  photographs  be   taken    in    the    principal  focus   of    the  tehiscope  and 
be  enlarged,  though  he  cautions  the  astronomer  that  the  grains  of  silver 
in  the  films,  tine  as  they  are,  are  still  sufficiently  coarse  to  give  trouble 
on  enlargement.      A  grain  of  silver    measures  about  the  one  two-thous- 
andth of  au  iuch,  which  is  equal  to  the  -07  of  a  second  of  arc,  or  to  the 
•08  of  au   English    mile  on  the  lunar  surface  as  seen  in  the  Lick  teles- 
cope.     In  passing,  it  may  be  said  that  a  trained  eye  can  see  with  a  high 
power  on  this  telescope,  extremely  small  but  well-defined  crater-pits  bet- 
ter than,  with   the  present  coarseness  of   the   silver-grains,   they  can  lie 
photographed.      Still,  there  are  other  feMtures  which,  owing  to  contrast, 
can  be  photographed  better  with  an  aperture  of  eight  inches  of  this  tele- 
scope than  they  can  be  seen  with  the  whole  thirty-six  inches  <jf  apei'ture. 
Speaking  of  the  performance  of  tiiis  telescope  on   the  Mooji,  it  is  inter- 
esting to   know  that,  when  observing   under  favourable  conditions,   the 
view  is  "sublimity  itself."     Under  exce))tional  aspects  when  the  highest 
powers  may  be  used,    the  lunar  scenery  is  fascinating  in   the  extreme. 
"  You  seem,"  Barnard    says,    '•  to  be   suspended    only    a  short  distance 
above  the  mouths  of  the  stupendous  craters.     The  dreadful  feeling  forces 
itself  unconsciously  upon  you  that  you  may  at   any  moment   lose   your 
hold  on  Earth  antl  be  dashed  to  pieces  within  their  yawning  cavernous 
depths."     These  realistic  effects  cannot  as   yet  be   brought    out    in  the 
photographic  plate,  but  the  future  may  have  sur|)rises  for  us  even  here. 
The  writer  desiies  to  express  his  obligations  to  the  following  gentle- 
men, who  most  cheerfully  complied  with  his  request  for  the  information 
they  have  communicated   so  clearly   and   succinctly.      The   observatories 
are  placed  in  alphabetical  order. 

(Jkeknwich  Observatory. 

At  Ctreenwich  the  stellar  phoLoi^ruphs  (those  intended  for  tlie  catalogue  a* 
well  as  those  for  the  chart)  are  developed  with  eikonogen,  using  Dr.  Andressen's 
cartridges.  The  only  departure  from  the  original  formula  being  that  the  mixed 
developer  is  used  at  half  .strength,  each  cartnlge  being  dissolved  in  seven  ounces  of 
water,  j  leferably  distilled.  As  the  catalogue  plates  are  exposed  long  enough  to 
contain  all  stars  down  to  the  11th  magnitude  under  good  average  conditions  of 
sky,  and  as  any  plate  may  contain  stars  varying  by  five  or  sis  magnitudes,  the 
brighter  stars  will  necessarily  be  over-exposed  and   must  be    left   to  take  care  of 
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themselves,  the  developmenb  being  prolonged  sufficiently  to  give  good  measurable 
images  of  the  llfch  magnitude  stars.  Developing  for  thirty  minutes  with  the 
developer  prepared  as  above  is  found  to  answer  the  purpose  quite  well,  and  if 
proper  care  is  taken  in  the  manipulation  there  is  no  risk  of  getting  the  plates 
stained  with  this,  and  even  much  longer,  time  spent  in  development.  The  brighter 
stars  will,  of  course,  show  considerable  halation  when  the  plates  are  not  hacked, 
but  this  has  not  been  found  to  injuriously  affect  the  measui-ement  of  smaller  stars 
that  may  be  included  in  the  circle  of  halation.  The  plates  at  present  in  use  are 
made  for  us  by  Messrs.  Mawson  &  Swan,  and  are  sufficiently  sensitive  to  shew  the 
stars  of  the  9th  magnitude  on  Argelander's  scale  with  an  exposure  of  20  seconds. 
Nothing  can  be  seen  on  the  plate  during  development,  except  the  reticule  and 
perhaps  one  or  two  of  the  brighter  stars,  and  what  success  has  attended  the 
exposure  of  a  particular  plate  can  not  be  known  till  after  the  application  of  the 
hypo  bath.  It  is  the  practice  to  leave  the  plate  in  the  hypo  bath  some  two  or 
three  minutes  after  all  milkiness  has  disappeared,  to  insure  the  complete  removal 
of  the  unaltered  silver  salt.  After  the  hypo  bath,  the  plates  are  washed  in  run- 
ning water  for  about  half  an  hour,  then  placed  in  the  alum  bath  for  a  few  minutes, 
and  again  washed  for  two  or  more  hours.  Only  in  the  very  hottest  weather  do 
these  plates  shew   any  sign  of  frilling,  and  even  then  very  little. 

G.  S.  Criswick. 

The  treatment  of  the  solar  photographs  at  Greenwich  is  necessarily  entirely 
different  from  that  for  the  stellar.  For  these  "lantern"  plates  are  used,  partly 
because  of  their  relative  slowness,  a  great  advantage  when  dealing  with  so  bright 
a  body  as  the  Sun,  partly  because  of  the  more  delicate  detail  they  permit,  and 
partly  because  of  their  greater  transparency,  a  point  of  great  importance  in  plates 
intended  for  micronietric  measurement.  Hydrokinone  is  the  developer  always 
employed,  and  usually  in  a  very  ddute  form.  The  average  time  that  the  plate  is 
kept  in  the  developer  is  ten  minutes.  As  with  the  stellar  plates,  it  is  impossible 
to  judge  by  the  appearance  of  the  photograph  during  development  as  to  how  the 
detail  is  coming  out.  When  a  distinct  black  image  of  the  Sun  can  be  seen  through 
the  back  of  the  plate,  it  is  assumed  that  sufficient  density  has  been  obtained. 
The  exposure  is  the  one  critical  point  in  solar  photography.  The  plate  must  be 
light li/  exposed.  If  the  image  begins  to  come  up  immediately  the  developer  is 
poured  on,  the  exposure  has  been  much  too  long.  There  should  be  no  sign  of  an 
image  for  a  minute  or  two,  and  then  it  should  come  out  slowly  and  gi-adually.  I 
have  seeu  several  solar  photographs  by  amateur  astronomers,  which  left  nothing 
to  be  desired  as  to  focus,  photographic  manipulation,  and  so  on  ;  but  in  ever)/  case 
the  result  was  unsatisfactory  owing  to  the  exposure  having  been  much  too  long. 
This  is  a  serious  pity,  for  there  is  no  department  of  astronomical  photography  that 
could  be  so  well  taken  up  l)y  manj'  amateurs  as  that  of  the  Sun.  The  aperture 
used  at  Greenwich  is  only  2-9  inches  for  the  production  of  eight-inch  pictures, 
many  of  which  are  only  inferior  to  the  very  best  obtained  by  Janssen,  with  much 
more  powerful  means  ;  and  the  exposure  being  instantaneous,  no  driving  clock  is 
needed.  E.  W.  Maunder. 
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Harvakd  College  Observatory. 

The  plates  generally  used  here  for  celestial  photography  are  the  most  sensitive 
(No.  26  +  )  made  by  the  M.  A.  Seed  Dry  Plate  Co.,  of  St.  Louis.  We  have  recently 
obtained  some  of  these  plates  numbered  27,  and  presumably  still  more  sensitive. 
For  the  work  done  here,  long  exposures  are  usually  requiied.  Short  exposures 
can  be  made,  without  running  the  risk  of  shaking  the  telescope,  by  a  screen  held 
before  the  object-glass,  or  bj'  turning  the  dome,  if  it  runs  smoothly  enough  to 
occasion  no  tremor. 

The  following  developer  is  used  : — In  384  oz.  water  dissolve  12  oz.  suli)hite  of 
soda  and  12  oz.  carbonate  of  soda  (use  6  ,oz.  of  carbonate  when  the  so-called 
granular  carbonate  is  used).  In  \iih  oz.  alcohol  dissolve  3  oz.  salicylic  acid  and 
add  to  the  first  solution.  Shake,  or  stir,  until  thoroughly  mixed.  This  forms  the 
liquid  portion  of  the  developer  and  may  be  kept  indefinitely,  being  drawn  off  and 
used  without  dilution.  When  ready  to  develop,  draw  off  the  required  amount  of 
the  solution  and  add  pyrogallic  acid  in  the  dry  form  in  the  proportion  of  about 
1  gramme  to  every  4  liq.  oz.  of  solution.  Edward  C.  Pickerixg. 

Lick  Observatorv. 

The  specific  objects  sought  in  development  vary  in  different  cases.  In  stellar 
photogiaphy  there  is  practically  no  limit  to  the  exposure  which  may  be  given — 
the  longer  the  exposure  the  fainter  and  more  numerous  the  stars  photographed, 
and  the  development  is  expected  to  bring  out  the  faintest  objects  possible. 
Development  should  here  be  continued  to  the  point  of  fogging,  or  even  a  little 
beyond,  to  be  certain  of  having  reached  the  limit.  Tlie  fog  may  be  either  chemical 
or  due  to  diffused  light.  In  the  latter  case,  not  uncommon  with  very  long  expo- 
sures, developer  of  only  moderate  strength  should  be  used  at  the  outset,  to  avoid 
immediate  fog  ;  the  stars  should  be  developed  first ;  the  strength  may  be  increased 
from  time  to  time  as  needed.  I  think  it  is  well  to  continue  development  for  some 
little  time  after  the  back  of  the  film,  seen  through  the  glass,  begins  to  turn  dark. 
Where  faint  stars  or  nebulae  are  photographed  the  vei-y  bright  objects  ai-e  neces- 
sarily over-exposed  ;  the  details  in  bright  nebulae  are  "  burnt  out,"  and  there  is  no 
adequate  remedy.  Where  particular  details  are  sought,  and  the  subject  presents 
strong  contrasts,  it  is  well,  if  pyro  be  used,  to  begin  with  somewhat  dilute 
developer,  gradually  add  the  alkaline  solution  until  the  details  are  sufficiently 
visible,  then  add  pyro  in  the  same  manner  until  enough  density  is  attained  for 
printing  or  other  use.  It  is  always  safe  to  commence  with  developer  of  only 
moderate  strength,  and  then  modify  it  according  to  the  needs  of  the  case.  After 
some  practice  one  acquires  a  sort  of  intuition  as  to  what  to  do,  and  it  is  difficult 
to  formulate  definite  rules.  Practical  acquaintance  with  the  behaviour  of  some 
particular  developer  (i.e.,  made  after  a  certain  formula)  counts  for  a  good  deal. 
In  a  general  way  I  regard  the  "rushing"  of  plates  in  development  as  of  doubtful 
utility;  a  moderate  amount  of  "coaxing"  maybe  resorted  to  with  good  result, 
especially  in  cases  of  under-exposure.  To  obtain  a  specific  effect  both  exposure  and 
development  net-d  to  be  considered.  For  general  work  I  like  a  plate  so  fully 
exposed  that  the  normal  developer,  instead  of  driving,  seems  to  alloiv  the  image 
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to  come  up  in  .i  comfortable,  leisurely  sort  of  way.    Where  considerable  crispuess  of 
definition  is  desired  the  exposure  should  be  so  short  that  the  requisite  detail  and 
density  are  to  be  had  by  a  little  coaxing,  with  strong  developer.   I  am  becoming  mure 
impressed  with  this  point  in  the  course  of  my  experiments  in  making  enlargements 
from  our  Moon  negatives.     In  making  direct  |)hot()graphs  of  the  Moon  for  scientific 
purposes  the  terminator   is,   of  course,   chiefly  considered.       Theoretically,   it  is 
possible  to  expose  and  develop  for  a  given  eti'ect  upon  a  particular  region,  but  I 
regard  that  as  hardly  practicable  as  there  are  so  many  factors  of  uncertainty, 
e.</. ,  the  illumination  of  the  region,  the  atmospheric  absorption  of  light  at  diSVr- 
ent  altitudes  and  different  times,  the  strength  and  temperature  of  the  developer, 
the  rapidity  of  development,  and  the  final  density  of  deposit.     Tlie  onl}'  way  to 
get  everything  possible  out  of  such  a  subject  is  to  make  a  series  of  exposures,  of 
different  times,  as  we  do  here,  and  develop  until  the  terminator  in  general  is  judged 
to  be  about  right.     The  rapidity  of  plates  has  its  effect  upon  the  result,  the  slower 
plates  giving  the  stronger  contrast.     For  the  Moon  we  use  the  most  rapid  plates 
obtainable  to  avoid,  as  far  as  possible,  any  motion  of  the  image  on  the  plate.     The 
results  at  the  terminator  are  quite  satisfactory,  but  the  plates  could  hardly  be 
expected  to  give  much  contrast  in  the  more  brilliantly-lighted  portions  of  the 
disc.     On  one  occasion  we  used  some  very  slow  plates  (Carbntt  A)  on  the  full 
Moon,  as  an  experiment,  and  brought  out,  in  strong  contrast,  the  briglit  streaks 
radiating  from  Tj'cho.     The  merits  of  different  developing  agents  are  worth  con- 
sidering,   but  in   this   matter   I  have  had  but  limited   experience.      For  general 
negative  work  I  doubt  if  anything  better  than  pyro  is  to  be  had  ;  it  is  prompt  in 
action,    fairly  elastic   in   application   to  different    exposure-times,    and  gives   fine 
printing  qualities.      Unfortunately  it  is  said  to  deposit  the  silver  in  co  irser  granules 
than  some  other  agents  —an   objectionable   feature  in   the   case  of  negatives  to  be 
enlarged  from.     The  hydrokinone  developer,  described  in  our  Vol.   Ill,  is  very 
convenient  to  use,   "keeps"  well,   is  applicable  to  an  extremely  wide  range  of 
exposures,  and  gives  a  good  colour  for  transparencies  and  lantern-slidt-s,  but  is  prone 
to  give  a  chemical  fog.     For  this  reason  I  am  inclined  to  discontinue  its  use,  but 
have  not  fixed  upon  its  successor.     At  present  I  am  experimenting  with  the  new 
agent,  glycin,  which  seems  to  promise  well.      It  has  one  good  quality  at  least,  it 
does  not  easily  fog  the  plate.      The  solution  does  not  keep  well,  and  so  should  be 
made  in  small  quantities.     As  to  the  Sun,  it  is  our  experience  in  using  the  photo- 
heliograph  of  40  feet  focus,  that  only  very  slow  plates  will  give  the  needed  contrast, 
and  that  only  with  extremely  short  exposure — so  short  as  to  need  considerable 
coaxing  to  bring  the  images  to  the  required  point.     We  generally  use  Carbutt  A. 
So  man}'  unknown  factors  enter  into  the  problem  of  development  that  it  is  not 
easy  to  formulate  very  definite  rules.     Much  experimental  work  will  be  needed 
before  this  can  be  done.  A.  L.  Colton. 

Paris  Obskrvatory — (Translation). 

I  employ  a  developer  which  differs  a  little  according  to  the  purpose  in  view. 
For  stellar  plates,  which  require  a  decided  contrast  between  whites  and  blacks,  I 
use  the  following  formula  : — 

Solution  A.— Water,  1,000  gr.;  Oxalate  of  Potash,  400  gr. 

Solution  B. — Water,  1,000  gr. ;  pure  Sulphate  of  Iron,  300  gr. 


The  Astronomical  and  Ph]/sical  Society  of  Toronto.  127 

When  ready  to  develop,  I  pour  one  part  of  Solution  B  into  three  parts  of  Solution 
A,  anil  if  the  temperature  does  not  exceed  Mi"  Centigrade  (60°  Far.),  I  leave  th«; 
plate  in  the  mixtuie  for  at  least  thirty  minutes.  For  lunar  plates,  I  mix  five  parts 
of  A  with  one  part  of  B,  to  which  I  add  several  drops  of  a  five  per  cent,  solution  of 
sulphite  of  soda.  This  addition  of  sulphite  gives  softer  and  clearer  plates.  I  fix 
the  plates  in  a  twenty  per  cent,  solution  of  hyposulphite  of  soda  and  then  place 
them  in  a  bath  containing  live  pur  cent,  of  alum.  1  find  it  to  be  desirable  to 
strengthen  the  lunar  plates,  in  order  to  increase  the  intensity  of  the  terminator, 
which  is  always  too  weak,  liy  immersing  them,  moistened,  for  thirty  seconds  only, 
in  a  bath  of  four  per  cent,  of  bi-chloride  of  mercui'y,  and,  after  a  prolonged  wash- 
ing, in  a  feeble  solution  of  ammonia  in  water.  It  may  be  useful  to  add  that  the 
photographing  of  the  stars,  in  order  to  secure  excellent  results,  does  not  require  a 
very  calm  atmosphere.  During  windy,  but  very  clear,  weather  I  have  always 
obtained  line  stellar  photographs.  But,  with  regard  to  tlie  Moon  and  the  planets, 
on  the  contrary,  an  absolutely  calm  air  is  indispensable  in  oider  to  secure  first-clas.s 
impresjiiins  especially  if  you  greatly  enlarge  the  focal  image.  I  need  not  say  in 
addition,  that  in  all  cases,  a  very  rigid  position  at  the  photographing  point  must 
be  maintained  to  procure  the  maximum  of  effect.  P.    Henry. 

Toronto    (Ibsekvatorv. 

I  woiil'l  like  to  adil  the  (level. >pin.i,'  rorniulu  used  ;it  tlii.s  Observatory, 
which  is  one  of  the  oldest  and  most  iiiijiortant  magnetic  ol'servatories  in 
the  world. 

1.  Developer  : — Saturated  solution  neutr;il  oxahite  of  potash    4  oz. 

"  "        sulphate  of  iron 1  oz. 

CO   grains    to  oz.   solution  of  bromide  of   p(jtassium, 

or  ammonium    C  drops. 

Also    1    drachm   of  citric   acid    to  eacli   pint  of  iron 

solution  to  keep  it  from  oxidizini.'. 

2.  Fix'ui'j  So'i(lio?i : — ilypo. -sulphate  soda,  1  part  to  6  of  water. 

3.  Clcariiif]  Solution: — Sulplmric  acid,  1  part  to  80  water. 

The  pliotogr-aphic  paper  used  is  tlie  Argentic  gelatino-bromide  manufactured 
by  Morgan  &  Kidd,  Kew,  England.  R.  F.  Stupakt. 

The  p  iper  was  followed  by  a  special  exhibition,  with  an  arc  lamp,  of 
lantern-slides  comiirising  a  series  selected  from  the  Society "s  collection  ; 
thirty  six  lo  med  l>y  a  New  York  firm  ;  seven  loaned  by  Mr.  John  E. 
Lewis,  a  veiy  talenteil  amateur  residing  at  Derl)y,  Conn.,  and  a  dozen 
loaned  liy  Mr.  J.  ll.  Connon,  an  experienced  pliotographer  at  Elora,  Ont. 
Mr.  J.  li.  Collins  took  charge  of  the  stereopticon  in  a  very  efHcient 
manner,  and  Mr.  Lumsden  made  comments  on  the  variou.s  slides.  Mr 
Connon's  series  included  .several  veiy  good  solar  slide.s,  and  one  from  a 
negative  of  Kloia  Falls,  made  by  his  father  thirty-five  years  ago, 
illustrated  in  a  very  marked  degree  the  excellent  work  in   the  days  of 
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the  wet-process.  Mr.  Lewis'  collection  included  a  slide  of  Holmes' 
Coruet  and  of  the  Andromeda  Nebula  made  by  attaching  an  ordinary 
camera  to  a  telescope  and  keeping  the  latter  in  motion  for  half  an  hour 
by  a  slow  motion  by  hand  ;  one  of  the  Orion  Nebula ;  two  showing 
star-trails  at  the  pole  and  at  the  equator  ;  one  of  Gale's  Comet,  and  two, 
one  enlarged,  of  the  bright  meteor  photographed  by  Mr.  Lewis,  January 
13th,  1893,  with  his  camera  which  has  a  3i-inch  lens  of  13  inches' 
focus.  The  veiy  fine  slide  from  the  original  meteor-negative  was  pre- 
sented by  Mr.  Lewis  to  the  Society. 


TWENTY-THIRD  MEETING. 

November  26th  ;  this  was  an  open  meeting,  held  in  the  Physical 
lecture  room  of  the  University  of  Toronto,  the  Vice-President,  Mr. 
John  A.  Paterson,  presiding. 

The  attendance  of  members  and  their  friends  was  very  large,  special 
invitations  having  been  issued  and  the  announcement  made  that  the 
third  of  a  series  of  popular  lectures  would  be  delivered  by  Mr.  C.  A. 
Chant,  B.A.,  Lecturer  in  Physics,  and  that  he  would  conduct  several  of 
the  classic  experiments  of  Hertz. 

The  usual  routine  busine.ss  of  the  Society's  meetings  was  suspended 
after  the  reading  of  the  minutes,  and  the  Chairman,  having  acknowl- 
edged the  kindness  of  Prof.  Loudon,  President  of  the  University,  in 
placing  the  building  at  the  service  of  the  Societ}"-,  introduced  the  audience 
to  Mr.  Chant,  saying  that  he  could  not  introduce  Mr.  Chant  to  the 
audience  when  the  former  was  in  "his  own  den,  his  own  lair." 

The  following  is  the  full  text  of  the  lecture  : — 

ELECTRICAL    RADIATION. 

With  radiant  light  and  radiant  heat  we  have  long  been  acquainted, 
but  to  most  of  you  present,  I  doubt  not,  radiant  electricity  is  a  veri- 
table straiigei-.  Only  in  recent  years  has  he  appeared  openly  amongst 
us  ;  but  his  gi-owth  has  been  almost  phenomenal,  and  now  he  is  a  well- 
developed  youth.  In  almost  all  the  latest  works  on  electricity  you  can 
learn  about  his  appearance  and  his  doings. 

And  yet,  this  branch  of  electrical  science  did  not  grow  up  with  such. 
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■wonderful  suddenness  after  all.  Fully  fifty  years  must  we  look  back  to 
see  its  beginuiug.  At  that  time  the  great  Faraday  was  cross-examiiiii)g 
nature  with  a  penetration  little  short  of  intuition.  He  held  a  magnet 
near  another  magnet,  or  near  some  bits  of  iron,  and  even  though  many 
inches  apart  their  mutual  attraction  or  repulsion  could  be  seen.  Again, 
one  electrified  body  was  observed  to  influence  another  some  distance 
away.  He  also  discovered  that  when  a  current  of  electricity  in  one  coil 
was  started  or  stopped,  a  galvanometer  attached  to  another  coil,  entirely 
disconnected  from  the  first  coil,  was  affected.  This  truly  was  not  a 
weed  which  he  drew  up,  but  a  most  valuable  fish.*  Many  a  time  also, 
he  was  impi-essed  with  the  grandest  of  all  these  attractions,  namely,  that 
between  the  heavenly  bodies — the  force  of  gravitation. 

Faraday  learned,  as  generations  have  been  taught,  that  one  body 
attracts  another,  the  force  decreasing  inversely  as  the  square  of  the 
distance,  but  with  that  knowledge  he  could  not  rest.  Such  a  delicate 
skeleton  might  suffice  to  bear  the  gauzy  garments  woven  in  the  subtle 
brain  of  the  mathematician  —  often,  truly,  of  surpassing  beauty,  if  you 
are  able  to  see  them — but  the  great  investigator  demanded  something 
more  tangible.  If  body  A  attracts  body  B  when  ten  inches  apart,  there 
must  be  ten  inches  of  something  between  them.  The  influence  passes 
from  ^  to  ^ ;  it  surely  cannot  pass  if  there  is  nothing  to  carry  it. 
What  then  is  the  mechanism  by  which  the  transfer  is  effected  ?  And, 
in  the  second  place,  how  much  time  is  required  to  make  the  transfer  1 

These  were  questions  of  amazing  difficulty,  but  Faraday  resolutely 
set  himself  to  And  the  answers,  and  in  his  search  he  enriched  our  store 
of  natural  knowledge  more  than  any  other  man  has  done.  To  the  first, 
he  obtained  answers  fairly  satisfactory  to  himself ;  on  the  second,  his 
work  was  not  conclusive.  But,  to  his  death,  he  persisted  in  the  belief 
that  the  action  was  not  instantaneous,  and  that  the  time  rate  would  be 
measured.  Lord  Kelvin  says  that  the  last  time  he  saw  Faraday  at  work 
he  was  in  the  cellar  of  the  Royal  Institution,  which  had  been  chosen  on 
account  of  its  freedom  from  disturbance  ;  there  lie  was  arranging  exper- 
iments to  test  the  time  of  propagation  of  magnetic  force  from  an  electio- 
magnet,    through   a   distance   of    many   yards   of  air,    to   a   fine   needle 

*  In  a  letter  to  R.  Phillips,  September  23rd,  1831,  Faraday  said  :  "  I  am  busy 
just  now  again  on  electro-magnetism,  and  think  I  have  got  hold  of  a  good  thing, 
but  can't  say.  It  may  be  a  weed  instead  of  a  fish  that,  after  all  my  labour,  I  may 
at  last  pull  up." — Life  and  Letters,  Vol.  2,  p.  S. 

17 
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polished  to  reflect  light ;  but  no  result  came  from  these  experiments. 
About  the  same  time,  his  attempts  to  connect  magnetism  with  gravity 
were  unsuccessful. 

To  determine  the  part  in  the  action  played  by  the  medium,  Faraday 
placed  various  substances  between  mutually  attracting  or  repelling  bodies. 
By  this  means  electrical  and  magnetic  actions  were  very  greatly  modi- 
fied, but  by  no  means  which  the  experimenter's  fertile  mind  could  sug- 
gest was  the  behaviour  of  the  force  of  gravitation  altered  in  the  slightest 
degree.  From  these  experiments  arose  two  sets  of  fundamental  con- 
stants which  are  ever  recurring  in  electrical  theory,  and  which  are  now 
usually  represented  by  the  letters  K  and  //.  Su])pose  we  have  two  small 
bodies  similarly  electrified  and  separated  by   an  air  space.     The  force 

between  them  will  be  numerically  represented  by   -—  where  q,q'  are  the 

quantities  of  electricity  on  the  bodies  and  r  is  the  distance  between 
them.  Now  immerse  the  bodies,  chai-ged  as  before,  in  coal  oil,  or  par- 
affin, or  any  other  non-conductor  ;  the  force  of  re])ulsion  is  altered  and 

is  equal  to  — ^r  -^—;-, — that  is,  it  is  only  one-Kth  part  of  what  it  was  in 

air.  This  quantity  A"  is  usually  called  the  specific  inductive  capacity  of 
the  insulator,  or  the  dielectric  constant.  The  values  of  K  for  many 
substances  have  been  determined,  and  some  are  as  follows  : 

Substance.  K. 

Glass,  plate 8'45 

Glass,  extra  dense  flint     lO'l 

Paraffin    2-29 

Sulphur    3  84 

Alica 6-64 

Itesiu    2  55 

Petroleum    2-10 

Carbon  bisulphide 2'67 

Distilled  water    75  "7 

The   other   quantity,    ,«,    can  be  defined   in   a  similar  way,    though 

that  is  not  the  usual  method.      If  two  magnet  poles  of  equal  strength, 

VI,   be   placed  a    distance,    r,    apart,    the   stress   between   them    will  be 

,  where  jj-  is  the  magnetic  permeability  of  the  medium  in  which 

ijt.     r^ 

the  poles  are  placed.      The  only  substances  whose  magnetic  pernaeabilities 

differ  much  from  their  values  in  air  are  iron  and  its  comp  )unds,  and   in 

good  wrought  iron  the  value  of  ,«  sometimes  rises  to  3,00U. 

In  Faraday's   footsteps  followed  James  Clerk-Maxwell,   but  where 
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the  former  was  somewhat  deficient  the  latter  was  strong,  namely,  in 
mathen)atical  power  and  training.  After  carefully  studying  Faraday's 
researches,  Maxwell  set  to  work  to  translate  them  into  mathematical 
language.  Though  great  difficulty  was  experienced  in  dealing  with 
Faraday's  lines  of  force,  polarized  dielectrics,  etc.,  the  mathematician 
persisted  in  his  work,  and  finally  in  1873  gave  to  the  world  his  two  large 
volumes.  The  work  was  a  masterpiece,  and  has  proved  the  epoch- 
making  book  on  the  subject.  The  third  edition  was  published  in  1892, 
and  is  more  studied  now  than  ever  before. 

There  is  not  a  continuous  consistent  development  of  a  single  theory 
throughout  the  two  volumes,  the  confusion  being  due  to  the  attempt 
made  to  weld  the  old  theories  to  new  ideas.  Maxwell  applied  the  laws 
of  mechanics  to  a  discussion  of  the  electro-magnetic  field,  and  on  pushing 
his  theory  to  its  logical  conclusion  he  reached  some  very  remarkable 
mathematical  equations.  On  interpreting  them  he  deduced  the  result 
that   electric   and    magnetic   disturbances   are   propagated  through  any 

medium  with  a  velocity,  ?■=: ^  where  /i  and  p.  are  the  quantities  I 

■v/A>, 

have  already  defined.  Now  there  are  two  systems  of  electrical  measure- 
ment, one  called  the  electrostatic,  the  other  the  electn)magnetic  method. 
A  quantity  of  electricity  can  be  defined  by  both  methods,  and  Maxwell 
further  showed  that  the  quantity  v  should  numerically  be  equal  to  the 
number  obtained  on  dividing  the  electromagnetic  unit  (juantity  by  the 
electrostatic  unit.  Forthwith  experiments  were  devised  to  mensure  this 
ratio  (which  is,  as  we  saw,  the  speed  with  which  electric  and  magnetic 
eflfects  are  transmitted),  and  the  astonishing  result  was  reached  that 
(within  the  limits  of  errors  of  observation)  this  velocity  agrees  precisely 
with  that  of  light. 

Years  before  this  the  battle  in  defence  of  the  wave  theory  of  light 
had  been  fouglit  and  won,  and  it  had  been  established  to  the  satisfaction 
of  most  scientists  that  there  is  a  certain  all-pervading  practically  impon- 
ilerable,  medium  throughout  all  space.  This  is  now  well  known  as  the 
ether,  and  its  vibrations  are  believed  to  be  motions  made  in  transmitting 
radiant  heat  and  light  with  a  velocity  of  185,000  miles  per  second.  Now 
Maxwell's  mathematics  led  him  to  believe  that  electromagnetic  effects 
are  transmitted  with  the  very  same  speed,  and  that  they  also  must  be 
propagated  by  some  medium.  As  all  space  was  already  filled  with  the 
luminiferous   ether,    it   was   hardly    philoso[)hical    to    postulate    a    new 
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medium  to  transmit  the  new  effects,  and  so  the  natural  conclusion  to 
arrive  at  was  that  electric  and  magnetic  actions  are  transmitted  precise- 
ly as  light,  and  by  the  same  medium  ;  in  fact  that  the  only  difference  is 
in  the  wave-length.  That  is  how  the  electromagnetic  theory  of  light 
arose.  It  was  first  published  thirty  years  ago  ;  now  it  has  been  com- 
pletely verified,  and  is  almost  universally  accepted  in  the  scientific  world. 

Thus  far  theory  led  ;  how  to  test  it  was  now  the  problem.  If  these 
disturbances  are  propagated  through  air  and  other  insulators,  some 
means  should  be  possible  for  their  detection.  Light  waves  are  evident 
from  the  manner  they  affect  the  retina ;  heat  waves,  impinging  upon 
ordinary  matter,  exhibit  well-known  heat  effects  ;  but  how  can  electric 
waves  be  made  to  manifest  themselves? 

Some  seven  or  eight  years  ago  intense  interest  was  aroused  in  the 
subject  by  the  announcement  by  Heinrich  Hertz,  a  young  German  pro- 
fessor, that  he  had  actually  observed  and  mea.sured  these  electric  waves. 
No  experimental  work  was  ever  received  with  more  enthusiasm,  and 
though  the  gifted  worker  died  on  New  Year's  Day,  1894,  at  the  early 
age  of  37,  he  carried  with  him  to  his  grave  the  honor  and  admiration  of 
every  nation. 

Hertz  demonstrated  experimentally  that  electrical  energy  is  ti-ans- 
mitted  precisely  as  Maxwell  predicted.  He  determined  the  best  methods 
for  producing  and  measuring  the  effect,  measured  the  velocity  of  pro- 
pagation, calculated  the  wave-lengths  which  he  used,  and  in  fact  clearly 
identified  electrical  with  the  other  forms  of  radiation. 

In  1886,  when  experimenting  with  some  apparatus  which  he  was 
using  for  lecture  pui'poses,  he  happened  to  notice  a  spark  where  he  had 
not  expected  it,  and  at  once  a  method  for  investigating  electrical  oscil- 
lations was  suggested  to  him.  For  his  first  radiator  he  used  two  metal 
plates,  40  cms.  square,  from  each  of  which  ran  a  wire  terminating  in  a 
knob.     (Fig.    1.)     These   were  then   attached   to  the   secondary  of  an 
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Hertz's  Original  Radiator. 

induction  coil,  which  caused  sparks  to  pass  from  one  knob  to  the  other. 
In  1853  Lord  Kelvin  had  shown  mathematically  that  when  a  Leydeu 
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jar  is  discharged  there  is  not  a  single  spark,  as  generally  supposed,  but 
a  series  of  them.  The  electricity  does  not  simply  rush  across  and  stay 
there,  but  it  behaves  as  does  water  in  a  trough  when  one  end  is  quickly 
raised  or  lowered.  In  this  case  the  liquid  rushes  to  one  end,  then  back 
to  the  other  end,  and  after  several  motions  back  and  forth  equilibrium 
ensues.  So  it  is  with  the  jar ;  there  is  a  series  of  motions  to  and  fro 
across  the  spark-gap  ;  each  time  the  electrification  leaps  across,  a  spark 
being  produced.  Four  years  later,  Feddersen  analyzed  the  discharge  in 
a  rotating  mirror  and  confirmed  Kelvin's  deduction.  The  sparks  were 
separated,  but  by  not  more  than  a  millionth  of  a  second. 

Now  the  arrangement  adopted  by  Hertz  is  quite  analogous  to  a  Ley- 
den  jar,  each  plate  and  its  knob  corresponding  to  a  coating  of  the  jar. 
These  very  rapid  oscillations  set  the  surrounding  ether  in  vibration  and 
this  motion  is  radiated  in  every  direction.  To  receive  this  radiant 
energy  he  used  a  wire  ending  in  knobs,  and  bent  either  in  the  foim  of  a 
i-ectangle  or  of  a  circle.      (Fig^.    -  and   ?k)     Hertz  found  that  when  his 
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Figs   2^5. 


Circular  Receiver.  Rectaiigxilar  Receiver. 

circle  had  a  diameter  of  35  cms.  a  spark  would  pass  between  the  knobs 
(which  were  pretty  close  together),  even  when  held  some  feet  from  the 
radiator.  The  radiator  sent  out  the  energy  of  undulatory  motion,  and 
this  manifested  itself  in  the  shape  of  a  minute  electric  spark. 

I  just  said  that  the  circle's  diameter  was  35  cms.,  and  in  every 
instance,  for  the  best  effects,  the  receiver  had  to  be  of  definite  dimen- 
sions, the  rule  being  that  the  little  sparks  which  occur  across  its  air 
space  must  succeed  each  other  at  the  same  rate  as  do  those  of  the 
radiator.  In  other  words,  the  times  for  an  oscillation  in  each  must  be 
the  same.  Perhaps  I  can  best  illustrate  this  from  acoustics.-  I  have 
here  three  tuning-forks.  The  first  and  second  each  give  1,024  vibrations 
per  second,  the  third  1,016.  When  I  vibrate  the  first  I  find  the  second, 
«ven  though  some  distance  away,  responds  ;  but  no  matter  how  vigor- 


134  The  Astronomical  and  Physical  Society  of  Toronto. 

ously  I  vibrate  the  first  or  second,  no  motion  is  apjneciable  in  the  third. 
This  seems  to  indicate  that  a  single  swing  or  a  single  wave  is  ineffectual  ; 
but  when  a  whole  series  of  properly-timed  waves  beat  against  the  second 
fork  their  efforts  are  added  together,  and  finally  elicit  a  decided  response 
from  the  unison  fork.  It  is  quite  the  same  with  the  radiator  and 
receiver.  The  impulses  from  the  former  arrive  at  the  proper  times  to 
increase  the  disturbance  in  the  receiver  until  at  last  the  rush  of 
electricity  is  violent  enough  to  make  it  leap  over  the  gap  and  exhibit 
the  spark. 

The  simplest  method  ,of  showing  this  unison  phenomenon  is  due  to 
Prof.  Oliver  Lodge.  Indeed  I  may  say  that  nearly  all  the  experi- 
ments I  have  to  shoAv  to-night  are  due  to  thjs  same  physicist. 
At  the  time  of  Hertz's  discovery  he  was  engaged  in  researches 
which  would  probably  have  led  him  to  the  same  result.  Let  us 
take  two  similar  Leyden  jars  (Fig.  4).  From  the  outside  coating  of 
one  a  wire,  ending  in  a  knob,  is  bent  round  until  its  knob  almost 
touches  that    running    up    from    the    inside    coating.      The  second  jar 


Fig     4. 

Lodge's  Synchronized  Leyden  Jars. 

has  its  coatings  joined  by  a  wire,  whose  length  can  be  varied  by  means- 
of  a  slider.  If  this  is  moved  so  that  the  jars  are  synchronized,  when  a 
spark  is  produced  in  the  first  there  is  a  strong  oscillation  in  the  second ; 
its  electricity  tends  to  overflow,  but  of  couise  in  ordinary  cases  cannot 
do  so.  Now  let  a  piece  of  tin-foil  lead  from  the  inside  almost  to  the 
outside;  the  overflow  at  once  occurs,  and  the  s})ark  is  seen.  Some  of 
you  might  suspect  that  the  action  here  is  due  to  ordinary  electrostatic 
or  electromagnetic  induction,  but  this  cannot  be  so,  as  a  slight  motion 
of  the  slider  either  way  destroys  the  action.  By  doing  this  the  jars  ai& 
thrown  out  of  tune. 
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The  only  method  of  detecting  these  electrical  surgings  which  I  have 
so  far  mentioned  is  that  of  observing  a  spark  ;  but  in  various  ways  has 
this  same  result  been  i-eached.  Vacuum  tubes  can  be  illuminated  ; 
wires  raised  almost  infinitesimal ly,  though  measurably,  in  temperature  ; 
an  exceedingly  sensitive  galvanometer  can  be  affected  ;  thermo-electric 
phenomena  have  been  shown  ;  a  suitable  electrometer  has  been  used  ; 
but  the  most  sensitive  and  most  convenient  of  all  is  the  simplest  as  well. 
This  is  also  due  to  Lodge.  He  discovered  that  electrical  waves  have  a 
])eculiar  effect  on  two  conductors  touching  loosely  ;  these  are  made  to 
cohere  slightly.  As  an  experiment  he  cut  the  wire  connecting  an  elec- 
tric bell  with  its  battery,  and  then  put  a  knob  on  each  end  of  the 
severed  wire.  These  were  then  placed  so  close  together  that  a  very 
slight  current  would  flow,  but  not  enough  to  ring  the  bell.  Then  on 
placing  them  in  the  path  of  electric  waves,  they  were  found  to  cohere  so 
distinctly  that  enough  current  would  flow  to  woi'k  the  bell.  The  waves 
improved  the  bad  contact.  Now  a  tube  of  iron  borings  or  turnings 
contains  a  great  many  bad  contacts,  and,  as  in  the  other  case,  the  waves 
cause  a  minute  coherence,  and  the  electrical  resistance  of  the  tube  is 
decidedly  loweied.  The  best  way  to  show  this  is  to  join  in  circuit  a 
tube  of  turnings,  a  voltaic  cell  and  a  galvanometer  of  moderate  sen.si- 
bility.     (See  Fig.  8.)     The  resistance  of  the  tube  is  so  high  that  in  its 
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Distribution  of  Electricity  on  the  Spherical  Radiator  before  and  after  spark. 

ordinary  condition  very  little  current  can  pass  and  the  galvanometer 
needle  is  but  slightly  deflected  ;  but  when  the  coherence  takes  place  the 
current  increases  and  deflects  the  galvanometer  much  more.     By  simply 
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tapping  tlie  tube  the  turnings  aie  reduced  to  their  original  condition, 
again  ready  for  action.  Ttiis  method  of  detecting  the  presence  of  elec- 
tric waves  is  the  one  I  propose  to  show  you  to-night. 

Let  me  describe  my  apparatus.  First  of  all  take  the  radiator.  It 
consists  of  a  5-inch  brass  sphere,  with  a  small  knob  on  each  side  of  it. 
(Figs.  5,  9.)  The.se  latter  are  attached  to  the  secondary  of  an  induction 
coil,  which  will  cause  sparks  to  pass  between  the  knobs  and  the  sphere. 
Perhaps  T  had  better  explain  more  fully  the  action  of  this  part  of  the 
apparatus.  I  have  several  times  stated  my  belief  that  electrical  action 
is  due  rather  to  strains  and  stresses  of  the  medium  than  to  the  presence 
•of  anything  in  or  on  the  conductor,  but  as  this  view  is  so  new,  and  also 
so  difficult  to  picture  to  the  mind,  I  shall  explain  the  action  on  the  old 
two-fluid  hypotbe.sis. 

When  the  primary  of  the  induction  coil  is  interrupted  positive  elec-; 
tricity  is  gathered  on  one  knob,  negative  on  the  other ;  or  the  potential 
of  one  knob  is  raised,  that  of  the  other  is  lowered.  At  once,  by 
electrostatic  induction  the  distribution  on  the  sphere  is  altered,  positive 
rushing  to  the  left  (Fig.  5),  negative  to  the  right.  Then  the  spark 
passes.  The  charges  rush  back  to  produce  equilibrium,  but  go  past  their 
original  position,  and  the  distribution  is  reversed.  (Fig.  6.)  Then 
another  back  rush  ensues  and  the  first  distribution  is  produced.  This 
rapid  motion  continues  until  the  energy  is  dissipated.  By  this  means 
you  .see  the  electricity  on  the  sphere  rushes  to  and  fro  from  pole  to  pole. 
These  oscillations  are  sufficiently  quick  to  set  in  motion  the  surrounding 
ether,  which  at  once  sends  out  the  energy  in  every  direction.  If  we 
wish  to  make  this  radiation  more  definite  in  direction  and  increase  its 
power,  we  inclose  it  in  a  copper  hat  and  thus  project  the  beam  out  from 
the  opening.  For  most  experiments  it  is  more  convenient  to  put  the 
coil  and  its  battery  in  a  metal-lined  box,  .screw  the  copper  hat  on  thr 
front  of  it,  and  lead  the  wires  into  the  latter  through  glass  tubes.    (Fig.  7.) 


Radiator  w-ithin  copper  hat  on  outside  of  tin-lined  box  ;  coil  within  the  box. 
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The  smaller  the  sphere  the  quicker  will  be  the  oscillations,  and 
hence,  the  shorter  the  wave-length.  The  wave-length  is  approximately 
3-6  times  the  diameter,  and  hence  tor  this  hve-inch  sphere  the  waves  are 
about  18  inches  long,  and  their  frequency  is  over  600  millions  per 
second.  It  will  be  seen  how  great  is  the  discrepancy  between  these 
waves  and  those  of  light.  To  affect  the  retina  the  latter  must  have  a 
frequency  of  at  least  400  millions  of  millions.  To  |)roduce  these  the 
sphere  would  have  to  be  of  atomic  dimensions — and  yet  all  these  waves 
have  been  shown  by  actual  exi)eriment  to  travel  at  the  same  rate  ! 

To  receive  the  radiation,  I  use  a  tube  almost  filled  with  iron  turn- 
ings, placed  at  the  back  of  another  copper  hat  (Figs.  8,  9).  It  will  be 
seen  that  these  copper  hats  take  the  place  of  parabolic  mirrors  in  ordi- 
nary light  experiments.  My  most  sensitive  tube  is  about  seven  inches 
long  and  half  an  inch  in  diameter.  It  is  filled  with  turnings  made  from 
cast  iron,  the  shavings  being  rather  thin  and  curled  up.  One  filled  with 
fine  filings  was  quite  unsuccessful. 

The  galvanometer  consists  of  a  Hat  coil,  C  (Fig.  8),  of  fine  wire,  with 
a  magnetized  needle  suspended  above  it  by  a  silk  fibre.  The  coil  is 
wound  with  three  ounces  of  number  32  (B.  tt  S.)  copper  wire,  there 
being  about  2,500  turns  on  it.  When  a  current  traverses  the  coil  the 
needle  above  is  deflected,  and  to  render  these  deflexions  visible  to  you 
all,  a  small  mirror,  M,  is  fastened  above  the  needle,  and  a  beam  of  light, 
projected  by  the  electric  lantern  against  it,    is  reflected  upon    the  wall 


Arrangement  of  various  parts  of  Receiver  and  Galvanometer,  and  connections. 

before  you.  When  the  needle  is  deflected,  the  light-spot  will  travel  on 
the  wall.  The  galvanometer  coil  is  screwed  to  the  top  of  a  box,  on  the 
inside,  and  below  it  in  the  box  is  a  single  voltaic  cell,  B — in  this  case  a 
dry  cell.  The  coil,  the  cell,  and  the  tube  of  turnings,  T,  are  joined  in  a 
18 
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single  circuit.  As  the  electric  waves  will  run  along  a  wire  whenever 
they  can  (the  wire  behaving  towards  them  like  a  speaking-tube  to  sound- 
waves), and  as  they  cannot  pass  through  a  metallic  conductor,  the  con- 
necting wires  W,  IF,  and  also  the  coil  of  the  galvanometer,  are  all 
protected  by  metal  coverings.  The  coil  and  battery  are  in  a  copper 
box  ;  the  connecting  wires  are  simply  incandescent  lamp  cord  wrapped 
with  tin-foil,  and  then  over-wound  with  lubber  tape  to  keep  the  foil  in 
place.  With  this  arrangement,  if  the  galvanometer  is  afiected,  this 
disturbance  must  come  from  within  the  receiving  copper  hat. 

Let  us  now  try  some  experiments.  First,  I  shall  use  the  smaller  of 
the  two  coils  J  have  and  allow  the  energy  to  radiate  freely  in  every 
direction.  The  receiver  being  jjlaced  a  few  feet  away,  the  galvanometer 
responds  readily.  (Fig.  9.)  On  tapping  the  tube,,  the  galvanometer 
needle  goes  back  to  its  former  position.  For  moi'e  powerful  effects  I 
shall  use  the  larger  coil  which  is  within  the  tin-lined  box,  and  whose 
secondary  is  connected  to  the  radiator  in  the  copper  hat.  (Figs.  7,  10.) 
Now  the  effect  is  decided  even  when  the  radiator  and  receiver  are  at 
opposite  sides  of  the  room.  Prof.  Lodge  obtained  marked  effects  at  a 
distance  of  forty  yards.  If  I  hold  a  sheet  of  metal  over  the  radiator  or 
receiver  the  energy  is  stopped  ;  it  cannot  go  through  a  conductor.  An 
ordinary  electrical  gas-lighter  (which  is  simply  a  small  static  machine) 
can  drive  the  spot  across  the  scale.  But  observe  that  the  waves  escape 
through  the  ebonite  handle  :  this  end,  as  you  see,  must  be  held  towards 
the  receiver. 

Now  turn  the  receiver  away  so  that  direct  waves  cannot  enter  it. 
When  I  hold  a  metallic  sheet  (in  this  c.ise  brass,  though  co])per  is  a 
better  reflector),  at  the  proper  angle,  the  waves  are  reflected  into  the 
receiver,  upon  the  turnings,  and  at  once  drive  the  light  spot  across  the 
room.  Almost  any  angle  of  incidence  is  successful  in  this  experiment. 
A  glass  plate  or  a  board  has  no  ajipreciable  effect  as  a  reflector. 

Refraction  experiments  are  interesting.  In  them,  however,  the 
effect  is  not  so  marked  as  in  direct  transmission  or  reflection.  My 
refracting  prism  is  of  rooting  pitch.  The  angles  are  -15',  60°,  75°,  and 
the  largest  side  is  about  eighteen  inches  square.  The  pitch  was  cast  in 
•A  wooden  box  and  the  latter  then  removed.  I  shut  off  part  of  the 
radiation  by  putting  a  diaphragm  with  a  6-inch  hole  over  the  radiating 
hat,    and    turn    the    receiver    until    the    light-spot  moves  only  a    short 
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distance.  Now,  putting  the  piism  in  the  path  of  the  rays,  so  as  to  use 
the  largest  angle,  the  galvanometer  responds  and  diives  the  spot  almost 
across  the  room.  (Fig.  10.)  This  efl'ect  is  not  so  easily  exhibited  as  in 
optics,  owing  to  the  greater  wave-length. 


Fio,  9, — Actual  apparatus  used.     Kadiator  c  omieeted  to  induction  coil.     Tube  of  turnings 

at  back  of  copper  hat,  from  which  the  covered  wires  lead  to  the  jcalv  anometer 

on  the  risrht.     Two  additional  tubes  on  the  table. 

Let  us  now  try  polarization.  A  ray  is  plane-polarized  when  the- 
vibrations  are  continually  in  a  single  plane.  In  the  present  case,  from 
the  nature  of  the  source,  namely,  a  row  of  .sparks,  you  would  expect  to 
find  the  emitted  rays  polarized.  Such  they  are.  If  I  hold  a  grid  of 
copper  wires  (see  Fig.  10)  so  that  the  wires  are  parallel  to  the  spark-line, 
the  spot  moves  but  little,  the  waves  cannot  get  through.  But  as  I  rotate 
the  grid  in  its  own  plane  the  effect  is  more  noticeable  until  when  the^ 
wires  are  vertical  the  spot  moves  farthest.  If  I  take  two  grids  and  crosa 
them  the  screening  is  almost  perfect.  I  turn  them  until  the  wires  make 
an  angle  of  45°  with  the  spark -line  and  the  tube  in  the  receiver ;  on 
removing  one  grid  the  spot  moves  some  distance ;  on  taking  away  the^ 
other  the  .spot  goes  clear  across  the  room.  This  experiment  is  precisely 
similar  to  the  one  in  optics  in  which  two  crossed  tourmaline  plates 
extinguish  the  light.  In  my  experiment  the  grids  are  simply  square 
wooden  frames,  14  inches  across,  with  parallel  copper  wires  about  ^  inch 
apart  strung  on  them. 

Many  other  researches  and  experiments  have  been  made  in  thi.s 
fascinating  bi-anch  of  science,  but  I  ha%e  not  time  at  present  to  refer  to 
them. 
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Fk).  10. — Apparatus  arranged  to  show  refraction  throuj^h  pitch  prism. 
Polarizing  grids  hanging  on  galvanometer  table  in  front. 

I  hope  I  have  in  a  general  way  shown  that  electrical  radiation  is  a 
reality,  and  tliat  it  follows  laws  similar  to  those  in  optics.  I  hope,  too, 
that  I  have  in  some  imperfect  manner  shown  the  ])robability  that  all 
those  so-called  forces  acting  at  a  distance  are  really  some  peculiar  action 
handed  on  by  that  invisible  and  unweighable,  ever-pi'esent  substance 
which  mis 

"  The  lucid  interspace  of  world  and  world," 

and  which  is  called  the  ether.  The  marvellous  ])roperties  of  this 
rema)kable  medium  are  now  receiving  the  most  careful  attention  of, 
workers  all  over  the  globe,  and  when  the  man  of  science  contemplates 
how  the  forces  of  heat,  light,  electricity,  magnetism,  gravitation,  and  the 
rest  are  all  due  to  its  mysterious  behaviour,  the  stupendousness  and  the 
intricacy  of  the  mechanism  of  the  universe  almost  overawe  him.  With 
the  late  Laureate  he  will  conclude  : 

' '  To  those  still-working  energies 
I  spy  nor  term  nor  bound." 

Mr.  Chant  concluded  amid  enthusiastic  ai)plause.  All  present  had 
entered  most  heartily  and  sympathetically  into  the  spirit  of  the  work, 
while  experiment  after  experiment  successfully  illustrated  the  subject. 
The  apparatus  proved  to  be  most  complete,  reflecting  the  highest  credit 
upon  the  lecturer  and  his  assistant,  Mr.  Plaskett.  Mr.  W.  A.  Douglas, 
B.A.,  moved  a  cordial  vote  of  thanks  to  Mr.  Chant  and  Mr.  Plaskett. 
J^Ie  referred  to  the  enormous  strides  which   electrical   science  had  made 
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during  the  past  score  of  years,  and  voiced  the  opinion  of  tlie  audience 
when  he  stated  that  he  was  proud  to  have  had  an  opportunity  of  hearing 
in  Toronto  such  a  lucid  exposition  of  a  most  difficult  subject.  Mr. 
Thomas  Davies,  member  of  the  City  Council  of  Toronto,  seconded  the 
vote  of  thanks,  and  added  on  behalf  of  the  visitors  of  the  evening  that 
the  Society's  effoi-ts  to  po})ularize  scientific  study  were  most  thoroughly 
a|)preciated. 

The  thanks  of  the  audience  were  tendered  by  the  Chairman,  who 
added  his  owu  personal  acknowledgment  of  the  pleasure  he  had  derived 
from  the  lecture.  In  reply,  Mr.  Chant  stated  that  he  appreciated  the 
good  will  of  the  ladies  and  gentlemen  present,  and  would  be  glad  to  pre- 
pare on  some  future  date  a  lecture  on  similar  lines. 


TWENTY-FOURTH  MEETING. 

December  10th  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A., 
occupied  the  chair. 

A  letter  was  read  from  the  Secretary  of  The  Astronomical  Society 
of  Wales,  cordially  inviting  correspondence  on  subjects  relating  to 
astronomy  ;  Dr.  M.  A.  Veeder  wrote  to  thank  the  Society  for  the  good 
wishes  expressed,  but  stating  that  he  would  be  unable  to  change  his 
decision  in  regard  to  giving  up  his  auroral  researches. 

It  had  been  announced  that  members  interested  in  lunar  observations 
would  bring  to  the  meeting  any  drawings  that  had  been  recently  made. 
Several  were  received.  Miss  Eva  M.  Brook,  of  Simcoe,  forwarded  two 
sketches  of  the  Mare  Crisium,  made  at  Dr.  Wadsworth's  large  reflectoi-. 
The  Doctor,  who  was  present,  read  some  interesting  notes  on  lunar  study, 
and  emphasized  what  had  been  frequently  pointed  out,  that  the  skilful 
artist  can  represent  what  the  photographic  plate  cannot  show,  for  various 
reasons.  Particular  attention  was  also  called  to  the  fact  that  neither 
sensitized  plate  nor  artist's  pencil  can  show  what  the  eye  sees,  even  in  a 
small  telescope,  when  directed  to  the  Moon.  Some  very  valuable  hints 
to  the  amateur  were  given,  after  which  the  lantern  was  used  to  project 
on  the  screen  a  series  of  photographic  slides,  illustrating  the  lunar  sur- 
face. An  interesting  letter  was  also  received  from  Mr.  H.  B.  Witton, 
ex-M.P.,  of  Hamilton,  who  had   long   taken   a   very  active  interest  in- 
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telescopic  observation,  as  well  as  drawing,  in  connection  with  the  Moon. 
He  had  very  kindly  forwarded  a  set  of  tlie  Rutherford  photos,  taken  as 
early  as  in  the  fifties,  sliowing  the  Moon  at  various  ages  in  the  lunation ; 
these  were  handed  round  for  inspection,  and  were  much  admired.  A 
copy  of  the  first  map  made  by  Beer  and  Maedlev  was  also  received  from 
Mr.  Witton,  and  a  photograph  of  a  map  he  had  himself  drawn.  This 
latter  was  projected  on  the  sci'een  and  comparisons  made  between  recent 
drawings  and  the  earlier  sketches.  Referring  to  diflferences  such  as 
were  observed,  Mr.  Elvins  stated  that  it  was  always  necessary  to  con- 
sider just  how  the  sunlight  isr  falling  on  the  Moon  when  drawings  are 
corapai'ed  ;  under  difi^erent  illumination  an  object  will  appear  surpris- 
ingly ditferent  in  aspect.  The  thanks  of  the  Societ}  were  due  to  Mr. 
Witton  for  the  pains  he  had  taken  to  make  the  subject  interesting. 
Mr.  J.  A.  Copland  then  presented  the  following  notes  on 

THE  CANALS  OF  MARS. 

Some  time  ago  astronomers  were  astonished,  and  disappointed  it  may 
be  added,  when  they  heard  Prof.  W.  W.  Cauipbell's  announcement  that 
he  had  demonstrated  by  careful  study  witli  the  spectroscope  at  the  Lick 
Observatory  that  no  water- vapour  exists  in  the  atmosphere  of  the  planet 
Mars.  "  Surely  there  is  some  mistake  I  "  was  the  common  ejaculation  in 
astronomical  circles  ;  but  as  the  statement  comes  from  wlmt  is  supposed 
to  be  the  first  observatory  in  the  world,  it  was  deemed  in  some  quarters 
that  this  decision  should  be  taken  as  conclusive.  A  rtist-astronomer 
Brett  had  maintained  that  Mars  appeared  to  him  as  an  arid  ball,  and 
Prof.  Campbell's  announcement  seemed  to  confirm  that  hypothesis. 

Long  has  it  been  axiomatic  that  "  doctors  differ  "  ;  so  may  it  be  said 
of  astronomers,  for  now  M.  Janssen  has  informed  the  French  Academy 
of  Sciences  that,  through  the  spectroscope's  aid,  he  has  determined 
conclusively  that  there  is  water-vapour  in  the  Martian  atmosphere. 
Observations  made  by  other  astronomers  point  to  the  same  conclusion. 
Thus  it  is  in  order  for  Prof.  W.  W.  Campbell  to  explain  his  position  ; 
he  is  a  clever  and  pains-taking  scientist,  therefore  is  his  deihiction  the 
more  remarkal)le.  There  apjiarently  is  one  thing  clear,  and  that  is, 
that  moisture  is  not  distributed  over  the  surface  of  the  j)lanet  ^lars  in 
a  manner  similar  to  that  which  rules  on  our  Earth.  Large  portions  of 
the  Martian  world  are  arid  ;  and  more  would  be  so  were  it  not  for  the 
artificial  means  of  irrigation  employed  by  the  inhabitants  of  the  fiery 
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Jittle  orb  with  the  two  small  fleet  moons.  Here  we  have  the  explanation 
of  the  canals  of  Schiaparelli,  even  to  their  doubling.  Genei-ally  those 
striatioiis  of  verdure  will  loom  up  as  but  single  lines,  because  of  the  vast 
distance  to  be  spanned  by  our  sight.  Then  again,  two  of  these  canals 
may  be  running  parallel,  though  miles  apart,  thus  giving  the  doubling 
impression.  One  gentleman  who  is  taking  great  interest  in  the  planet 
Mars  is  Mr.  Percival  Lowell.  It  was  he  who  recently  endowed  and  has 
had  erected  in  Arizona  an  observatory,  under  the  management  of  com- 
petent astronomers,  purposely  to  observe  the  planet  namesake  of  the 
god  of  war.  He  aigues  convincingly  in  sevei-al  articles  he  has  written 
that  there  are  evidences  of  intelligent  life  upon  yonder  other  world ; 
tliat  the  broad  physical  conditions  of  Mars  are  not  by  any  means  antag- 
onistic to  life  in  some  form  ;  that,  there  being  an  apparent  dearth  of 
water  upon  the  planet's  surface,  if  beings  of  sufficient  intelligence 
inhabit  it,  they  would  have  to  resort  to  irrigation  to  support  life;  that 
there  turns  out  to  be  a  net-work  of  markings  covering  the  disc  precisely 
counterparting  what  a  system  of  irrigation  would  look  like  ;  that  there 
are  spots  placed  where  we  should  expect  to  find  the  land  thus  artificially 
fertilized,  and  behaving  as  such  constructed  oases  should. 

All  these  phenomena,  so  concisely  set  forth  by  Mr.  Lowell,  can  be 
anything  but  mere  coincidences,  signifying  nothing.  Undoubtedly, 
under  the  conditions,  any  Martian  life  must  be  markedly  diiTerent  from 
what  we  here  have.  Considered  from  a  Martian  view  point,  there  may 
be  nothing  extraordinaiy  or  in  any  wise  malformed  or  incongruous.  We 
recollect  that  life  suits  itself  to  conditions  ;  never  conditions  to  life. 
AVhat  are  the  Mai'tian  conditions  ?  Kegularly  every  season  the  polar 
ice  and  snow  caps  there  melt  under  the  Sun's  rays,  and  the  water  begins 
to  flow  toward  the  equator,  so  rapidly  that  in  a  few  days  there  is  a  com- 
plete metamorphosis  of  the  planet's  face.  Much  of  the  inter-polar  region 
is  red  coloured  and  arid  ;  but  bye-and-bye  those  "  canals  "  and  "  lake.s  " 
show  out,  appearing  more  and  more  prominent  lines  and  dots  to  our 
vision,  because  they  are  bordered  and  surrounded  with  growing  verdure. 
8carcity  of  water,  or  lack  of  proper  natuial  distribution  of  that  pre- 
requisite to  life,  is  a  condition  which  must  be  sedulously  kept  in  mind 
as  a  fundamental  truth  when  an  analysis  of  Martian  phenomena  is 
sought.  Those  canals  and  storage  basins  or  reservoirs,  as  we  see  them, 
and  measured  by  terrestrial  standards,  are  stupendous  afiairs,  and  would 
involve  herculean,  almost  superhuman,  labour  in  their  construction  :   but 
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when  we  admit  tbat  those  so-called  narrow  water-ways  and  artificial 
lakes  have  been  constructed  for  irrigation  purposes,  and  when  we  take- 
into  account  the  wide  difference  between  Martian  and  terrestrial  gravi- 
tation, the  task  of  digging  those  canals  and  of  constructing  those 
reservoirs  cannot  seem  so  disproportionate.  Of  course,  if  the  systems  of 
canals  have  been  contrived  for  irrigating  the  country  through  which 
they  pass,  it  is  plain  that  those  lines  which  we  see  and  call  canals  are 
really  not  the  canals  at  all,  but  the  fertile  strips  of  land  concurring  with 
them.  Safely  may  it  be  surmised  that  the  canals  proper  are  never  seen 
in  the  telescope,  so  hair-like  must  they  appear  in  contrast  to  the  green- 
clad  land  through  the  middle  of  which  they  pass.  There  are  plenty  of 
analogies  on  Earth  to  prove  that  such  must  be  the  case.  Looking  from 
a  height  over  irrigated  land  we  see  the  verdure,  but  not  the  canals  which 
cause  it  to  flourish. 
^  Examining  further,  we  must  fail  to  discover  what  manner  of  inhabi- 
tants there  are  on  Mars,  where  the  conditions  are  so  different  from  ours. 
That  very  fact  of  so  wide  a  variance  existing  between  Martian  and 
terrestrial  gravity  reaches  farther  in  its  effect  than  might  be  at  once 
supposed.  As  Mr.  Lowell  recalls  in  one  of  his  articles,  gravity  on  the 
surface  of  Mars  is  only  a  little  more  than  one-third  what  it  is  on  the 
surface  of  the  Earth.  This  would  work  in  two  ways  to  very  different 
conditions  of  existence  from  those  to  which  we  are  accustomed.  To 
begin  with,  three  times  as  much  work,  as  for  example  in  digging  a 
canal,  could  be  done  with  the  same  expenditure  of  muscular  force.  If 
we  were  transported  to  Mars  we  should  be  pleasingly  surprised  to  find 
all  our  manual  labour  suddenly  lightened  three-fold.  But,  indirectly, 
there  might  result  a  yet  greater  gain  to  our  capabilities;  for  if  nature 
chose  she  could  there  afford  to  build  her  inhabitants  on  thiee  times  the 
scale  she  does  on  Earth  without  their  ever  finding  it  out  except  by  inter- 
planetary comparison.  There  may  be  nothing  new  in  these  thoughts, 
but  at  all  events  the  subject  is  an  enticing  one  to  all  of  us. 

The  Assistant-Secretary  then  announced  that  he  had  received  from 
Mr.  W.  N.  Greenwood,  of  Lancaster,  Eng.,  an  exhaustive  paper  on  the 
subject  of 
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THE   UNIFICATION  OF  TIMK, 

extracts  from  which  were  reud. 

Mr.  Greenwood  had  addressed  certain  questions  to  l>rilisli  sliij)- 
masters  and  otliers,  asking  their  opinions  regarding  methods  of  reckoning 
time  and  longitudes.      Question   No.  3  of  the  circular  read  as  follows  : — 

.">.  Aie  you  in  favour  of  the  UniHcation  of  Time  as  ajjplied  to  the  Civil, 
Nautical,  and  Astronomical  Days,  and  is  it  desirable  in  the  interest  of  all  con- 
cerned that  such  days  should  each  commence  at  Greenwich  mean  midnight? 

A  hirge  number  of  the  circulars  had  been  distributed,  and  replies 
had  been  received    from    two  societies  and  243  individuals. 

The  Shipmasters'  Society,  London,  1,033  members  and  200  asso- 
ciates, had  replied  "Yes."  The  Manchester  Geographical  Society,  850 
members,  had  reserved  opinion,  but  added  a  note  to  the  etiect  that  the 
Society  would  most  probably  be  favourable  to  the  proposition. 

The  following  table  exhibits  the  replies  received  from  individuals  : — 


Replies  Received  from 

Yeas. 

Naya. 

Opinion 
Reserved. 

42  British  shipmasters  not   following  their  pro- 
fession       

37 
106 
32 
14 
44 

4 

I 

Ill  British  shipmasters,  steam  (186,252  tons)  .... 

32       "                 "             saiUng  (36,-167  tons) 

14       "                  "              coastmg  (1,670  tons)  ... . 
44  Foreign          "             sailing  &steam(25,l  17  t"s) 

243 

233 

3 

In  concluding,  Mr.  Greenwood  stated  that  the  inquiry  was  still  in 
progress  ;  a  large  number  was  yet  to  be  heai'd  from,  but  the  summary 
of  replies  already  received  undoubtedly  conveyed  the  favourable  opinion 
of  the  British  shipmaster. 


*  Subsequently  forwarded  to  Dr.  Sandford  Fleming,  C.M.G.,  to  be  used  in  tlu 
preparation  of  a  further  report  on  the  general  subject. 

19 
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TWENTY-FIFTH    MEETING. 

December  23rd  ;  the  Vice-President,  Mr.  John  A.  Paterson,  M.A., 
occupied  the  cliair. 

Bev.  Canon  Macnab  and  Mr.  L.  Laurance,  of  Toronto,  were  dul}' 
elected  active  members  of  the  Society. 

The  Corresponding  Secretary  read  a  letter  recei%ed  from  Prof.  E.  C. 
Pickeiing,  of  Harvard  Observatory,  covering  tlie  transmission  of  two 
photographs  of  star  clusters.  Tliese  were  a  most  valiialile  addition  to 
the  Society's  collection. 

The  Chairman  having  called  for  nominations  for  the  various  offices 
to  be  held  during  the  ensuing  year,  Mr.  T.  Lindsay  stated  that,  at  the 
Council  meeting  lecently  held,  tlie  President,  Dr.  Lai  ratt  W.  Smith, 
Q.C.,  and  tlie  Vice-President,  Dr.  E.  A.  Meredith,  liad  expre.ssed  their 
desire  to  withdraw  from  active  official  duties,  and  had  reijueste:!  that 
tlieir  names  be  not  brought  forward  in  nomination  for  189G. 

Mr.  G.  E.  Lumsden,  seconded  by  Mr.  Klvins,  moved  the  appoint- 
ment of  a  Committee  to  prepare  a  resolution  conveyiig  the  Society's 
appreciation  of  tlie  services  of  the  retiring  President  and  Vice-President 
ill  the  past. 

Mr.  Lindsay  gave  notice  that  he  would  move  at  the  next  regular 
meeting,  an  amendment  to  the  constitution,  enabling  ex-Presidents  and 
ex-Vice-Presidents  of  the  Society  to  hold  seats  in  council. 

Nominations  for  the  various  offices  were  then  leceived. 

On  the  conclusion  of  the  business  of  the  meeting,  ^Ir.  M.  TurnbuU 
asked  permission  to  address  the  Society  on  the  subject  of  a  poptilar 
observatory  for  Toronto,  in  svhich  he  had  been  always  much  interested. 
Mr.  Turnbull  having  been  requested  to  pi-oceed,  exhibited  some  dia- 
giams  illustrating  in  minute  detail  a  method  of  mounting  a  large  reflect- 
ing telescope  wliich  was  a  modification  of  Dr.  Henry  Draper's  method. 
He  gave  estimates  of  the  cost  of  constructing  an  obsei  vatory,  exclusive 
of  the  site,  which  he  thought;  might  be  granted  by  the  city.  It  was 
decided,  after  hearing  ilr.  Turnbull,  to  refer  his  paper  to  the  committee 
specially  appointed  to  consider  this  question  which  had  always  been 
directly  before  the  Society. 
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Tlie  following  pajier  was  then  presented  by  ^Nlr.  J.  R.  Collins  : — 
THEORIES  OF  UNIVEHSAL  GRAVITATION. 

I'erliaps  the  greatest  mystery  within  the  field  of  physical  science 
awaiting  soliitioii,  is  the  problem  of  the  cause  of  universal  gravitation 
i\n<:\  the  discovery  of  the  nature  of  the  mechanism  by  which,  or  throngh 
wliich  it  is  enabled  to  leap  the  chasm  separating  satellite  from  jiiiiiiary, 
sun  from  sun,  system  from  system,  everywhere  tightening  atoms,  mole- 
cules, masses  and  whirling  worlds,  in  a  grasp  stronger  than  steel  and  as 
ceaseless  as  time. 

Tlie  gieat  Newton  was  enabled  to  prove  that  such  a  universal 
enei-gy  exists,  and  to  discover  the  ratio  of  its  action,  as  regards  the  dist- 
ance sei)arating  bodies  from  each  other  ;  but  gravity's  cause,  and  mode  of 
action  aside  from  this,  (except  as  being  interpreted  as  the  agent  of  the 
great  first  cause)  were  unknown  to  him,  and  still  i-emain  hidden  in  the 
depths  of  the  mysterious;  or  perhaps  still  undulate  unnoticed  upon  the 
ex})anse  of  the  all-pervading  ether.  Since  Newton  drew  attention  to 
this  (piestion,  phy.sicists,  mathematicians  and  philoso[)hers  in  general, 
have  given  much  time  and  thought  to  its  investigation.  Theories  hy  the 
score  have  been  advanced,  but  none  seems  to  have  yet  met  the  require- 
ments of  the  case.  However,  many  of  them  ai'e  ingenious  and  instruc- 
tive and  illustrate  the  ditiVrent  lines  of  thought  pursued  in  the  endeavour 
to  discover  these  hidden  spiings  of  natuie.  It  is  the  purpose  of  this 
paper  to  briefly  leview  a  few  of  the  most  important  of  the  theories 
advanced,  and  endeavour  to  sum  up  a  few  of  the  salient  points  with  which 
the  (juestion  may  be  conditioned. 

It  seems  (]uestionaV>le  whether  the  ancients  ever  grasped  the  idea  of 
gravity  at  all,  certainly  they  did  not  as  it  is  understood  to-day.  Aris- 
totle held  that  the  figure  of  the  Karih  must  necessarily  be  spherical  and 
pointed  to  the  shape  of  the  Earth's  shadow  upon  the  surface  of  the  ^loon 
during  eclipse  as  proof  of  that  form,  l)ut  the  reason  given  for  bodies 
assuming  this  form  was  purely  metaphysical,  namely,  because  a  sphere 
was  the  most  perfect  figure — I'eminding  us  of  Pythagoras'  reason  for 
assuming  the  Sun  to  be  the  centre  of  the  universe,  because  fire  was  the 
most  im[)ortant  of  the  four  elements  ;  it  was  but  natural  and  |)roper  that 
as  the  Sun  was  coniposed  of  fire,  all  the  rest  should  circle  around  him 
and  do  him  becoming  homage.  Ptolemy  supposed  there  were  four 
regions  in  which  each  of  the  then  eleuients  tend  to  unite,  and  no  where  else, 
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earth  in  the  region  of  earth,  air  in  the  region  of  air,  water  in  the  region- 
of  water,  and  fire  in  the  region  of  fire.  The  Stoics,  Epicureans  and 
Peripatetics,  held  that  bodies  tend  towards  the  centre  of  the  universe, 
the  lighter  giving  place  to  the  heavy.  Archimedes'  discovery  that  a 
body  loses  a  portion  of  its  weight,  when  submerged  in  water,  equal  to 
the  weight  of  the  water  displaced,  says  Whewell,  only  added  confusion 
into  the  opinions  of  philosophers.  Plutarch  endeavoured  to  introduce 
a  little  variety  into  the  Ptolem;iic  theory,  by  pointing  out  that  the 
Earth  attracts  earthly  things,  the  Moon  lunar  things,  the  Sun  sunly 
things,  and  so  on.  The  motions  of  the  heavenly  bodies  now  assignable 
to  the  ceaseless  tng  of  gravity,  were  then  supposed  to  be  due  to  the 
efforts  of  spirits  whose  several  duties  consisted  in  safely,  regularly  and 
steadily  carrying  the  planets  across  the  sky,  or  in  some  cases  towing 
them  across  in  row  boats,  or  again  driving  them  in  chariots  of  gold,  with 
fiery  foaming  steeds,  aci'oss  the  azure  blue,  and  in  other  ways,  as  imag- 
ination might  suggest.  At  as  late  a  date  as  A.D.  1510  even  Copernicus, 
immortal  founder  of  the  system  of  astronomy  that  bears  his  name,, 
attributed  the  motion  of  the  planets  to  attending  spirits,  who,  he  sup- 
posed, guided  them  in  their  j)eriodic  rounds.  The  indefatigable  Kepler 
in  1595  considered  orbital  motions  due  to  a  tremendous  whirlpool  of 
some  sort  of  transparent  fluid  circling  around  the  Sun,  in  whose  current 
the  planets  became  entangled  and  were  carried  or  floated  around  the 
Sun,  like  a  boat  in  a  stream. 

In  1600  Wm.  Gilbert,  the  pioneer  in  the  field  of  magnetic  and  electric 
research  and  the  first  to  conceive  and  demonstrate  the  Earth  to  be  itself 
a  magnet,  contended  gravity  between  the  Earth  and  the  Moon,  to  be  due 
to  positive  and  negative  magnetism  residing  in  both,  one  force  attracting 
and  the  other  re|)elling;  in  this  way  i-eacliing  out  great  curved  arms,, 
which  keep  the  distance  constant. 

Descartes,  1630,  though  he  knew  more  of  the  laws  of  motion  than 
most  of  his  predecessors,  supposed  the  planets  to  be  carried  around  the 
Sun  in  his  vortice,  or  whirlpool  of  ether,  which  ether  consisted  of  fine 
particles  worn  from  the  corners  of  atoms  of  matter  ;  these  atoms  being, 
as  he  considered,  originally  of  all  angular  shapes,  were  deprived  of  their 
sharp  corners  and  fine  points  by  incessant  collisions,  as  they  clashed 
together  in  the  vortices  of  the  Sun,  the  IMoon.  or  the  Earth  ;  all  space 
being  filled  with  such  vortices  or  whirls  of  splintered  atom  dust,  rolling 
and  tumbling  over  each  other,  the  greater  currying  the  less  around  with. 
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them,  and  in  this  way  deterniining  their  motion  in  the  great  maelstrom 
of  the  universe,  throwing  heavy  portions  to  the  centre  of  the  eddies, 
forming  planets  and  holding  them  together.  The  pressure  px-oduced  in 
this  way  was,  according  to  Descartes,  the  cause  of  gravity  ;  reminding 
us  of  Addison's  lines,  wherein  we  may  behold  a  picture  of  "  the  war  of 
•elements,  the  wreck  of  matter  and  the  crash  of  worlds." 

Jeremiah  Horrocks,  163.0,  the  first  observer  of  the  transit  of  Venus, 
seems  to  have  been  one  of  the  tirst  to  recognize  the  necessity  of  some 
•central  force,  continually  urging  bodies  together,  in  order  to  explain 
orbital  motions,  but  he  had  no  opportunity  of  developing  this  idea,  as  he 
•died  at  the  early  age  of  twenty-three. 

In  1650  Gassendi,  who  had  done  much  for  astronomy  and  physics, 
while  adopting  the  atomic  theory  of  Democrites— viewing  the  universe 
as  a  shower  of  atoms  moving  in  every  direction— yet  maintained  the 
revolution  of  the  planets  to  be  due  to  certain  fibres  extending  from  the 
Sun,  the  action  of  which  was  similar  to  that  of  the  muscles  of  animals. 
About  the  same  time,  1650,  Borelli,  one  of  the  first  to  recognize  the 
parabolic  paths  of  comets,  expre.-?sed  the  conviction  that  planetary 
motions  were  due  to  "  a  fountain  of  virtue  "  springing  in  some  way  from 
the  Sun,  that  compelled  them  to  attend  him,  and  likened  this  virtue  to 
something:  resembling  magnetism. 

Dr.  Robert  Hook,  1670,  who  claimed  priority  to  Newton,  in  the 
discovery  and  demonstration  of  universal  gravitation,  when  experimenting 
with  waves  on  the  surface  of  water,  noticed  that  light  bodies  tloatiug 
thereon,  ap])roached  and  collected  at  the  centre  of  disturbance,  when  the 
liquid  was  agitated  with  a  small  paddle  ;  he  suggested  something  like 
this  as  the  cause  of  gravity,  but  did  not  follow  up  the  experiments  by 
investigating  the  effect  of  waves  on  submerged  bodies. 

Leibnitz,  1675,  who  also  claimed  sonie  of  Newton's  work  on  the 
calculus,  sup[)0sed  the  particles  of  the  Eartli  to  have  separate  motions, 
which  produce  collisions,  propagating  an  agitation  in  the  ether  radiating 
in  all  directions  and  by  the  rotation  of  the  Sun  on  its  axis,  with  its 
rectilinear  action  on  the  Earth,  arises  and  is  maintained,  the  motion  of 
the  Earth  around  the  Sun. 

In  1692  Newton  announced  his  discovery  that  every  particle  of 
matter  in  the  universe  attracts  every  other  particle,  with  a  force  directly 
■as  the  mass  and  inversely  as  the  square  of  the  distance  between  them. 
Though  the  attraction  of  the   Sun,  according  to   the  square   of  the  dis- 
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tanco,  was  divined  by  Bullialdus,  Ilooke,  Plalley  and  others,  Newton 
was  the  first  to  j)rove  it.  Newton  speculated  to  some  extent,  as  to  the 
cause  of  gravity,  but  never  formulated  any  theory  on  the  subject,  further 
than  to  make  suggestions.  (Jne  suggestion  was  that  if  the  eth(;r  was 
very  dense  within  and  near  bodies,  and  became  less  dense  as  it  proceeded 
outward,  such  an  effect  as  gravity  might  follow.  And  again,  if  the 
reverse  was  the  case,  and  the  ether  in  and  near  the  surface  of  bodies  was 
rare,  and  became  dense  as  it  proceeded  outward,  a  pressure  might  result 
sufficient  to  produce  the  effects  of  gravity. 

I  quote  here  from  Taylor's  Kinetic  Theories  of  Gravitation : — 

"  Fourteen  years  later — a  decade  after  his  culminating  work — this. 
to]nc  was  again  incidentally  touched  upon  by  Newton  in  four  letters 
addressed  to  Doctor  Bentley,  'containing  some  arguments  in  proof  of  a 
Deity.'  ]n  his  second  letter,  dated  January  17,'  1692-3,  he  says  in 
reply  to  one  from  Bentley  :  '  You  sometimes  speak  of  gravity  as  essential 
and  inherent  to  matter.  Pray  do  not  a.sci-ibe  that  notion  to  me,  for  the 
cause  of  gravity  is  what  I  do  not  pretend  to  know,  and  therefore  would 
take  more  time  to  consider  it.'  * 

"In  his  third  letter,  dated  Februaiy  25,  1692-3,  he  expresses  himself 
somewhat  less  guardedly,  thus  :  '  It  is  inconceivable  that  inanimate 
brute  matter  should,  without  the  mediation  of  sonietlnng  else  which  is 
not  material,  oj)erate  upon  and  atlect  other  matter,  without  mutual  con- 
tact, as  it  must  do  if  gravitation  in  the  sense  of  Epicurus  be  essential 
and  inherent  in  it.  And  this  is  one  reason  why  I  desired  you  would 
not  ascribe  "innate  gravity"  to  me.  That  gravity  should  be  innate,. 
inherent,  and  essential  to  matter,  so  that  one  body  may  act  upon  another 
at  a  distance,  through  a  vacuum,  without  the  mediation  of  anything 
else,  by  and  through  which  their  action  and  force  may  be  conveyed  from 
one  to  another,  is  to  me  so  great  an  absurdity,  that  I  believe  no  man 
who  has  in  philosophical  matters  a  competent  faculty  of  thinking  can 
ever  fall  into  it.  Gravity  must  be  caused  by  an  agent  acting  constantly 
according  to  certain  laws ;  but  whether  this  agent  be  material  or  imma- 
terial, I  have  left  to  the  consideration  of  my  readers.'  t 

"At  the  conclusion  of  the  third  book  of  his  Principia,  Newton 
remarks  :  '  Hitherto  I  have  not  been  able  to  discovei"  the  cause  of  those- 
properties  of  gravity  from  phenomena,  and  I  frame  no  hypothesis  ;  for 

*  Works,  edited  by  Horsley,  vol.  iv. ,  p.  437. 
t  Works,  nt  >iupr.,  vol.  iv.,  p.  438. 
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whatever  is  not  deduced  from  tlie  phenomena  is  to  be  called  an  livpo- 
thesis.  ...  To  us  it  is  enongh  that  gi-avity  does  really  exist,  and  act 
according  to  the  laws  which  we  have  e.vplaiued.' 

"Afterward,  as  if  driven  hack  from  every  as.sault  to  the  only  retreat, 
which  in  earlier  yeai-s  he  lia<l  stJLjmntized  as  'so  great  an  aljsurditv  '  that 
no  competent  thinker  could  -exer  fiill  into  it,'  he  des])airin!;Iy  asks: 
'  Have  not  the  small  particles  of  bodies  certain  powers,  virtues,  or  forces, 
hy  v/V\c\\  they  act  at  a  distance  ^  .  .  .  What  I  call  "attraction"  may 
be  performed  by  impulse,  or  by  some  other  means  unknown  to  me.  I 
use  that  word  here  to  signify  only  in  general  any  force  by  which  bodies 
tend  toward  one  another,  whotsoevei'  be  the  cause.' '^  And  bevond  this 
point,  no  liuman  research  has  .since  been  able  to  penetrate.  This  last 
and  ])i-esumably  deliberate  judgu)ent  of  Newton  is  a  quarter  of  a  ccnturv 
later  than  the  incojisiderate  utterances  of  liis  third  '  Bentley  letter,' 
which  have  been  so  eagerly  .seized  upon  by  every  speeulalive  writer 
intent  on  propounding  new  theories  of  the  universe." 

Cotes,  in  the  preface  to  the  2nd  edition  of  the  Princijna,  1712,  says 
gravity  is  unquestionalily  an  attribute  of  matter. 

In  1707  A-^illemot  propounded  a  theoiy  of  gravity,  founded  upon 
Cartesian  vortices  ;  he  claimed  that  there  would  be  greater  pressure  on 
the  outside  of  such  vortices  tlim  towaids  the  centre,  and,  as  a  conse- 
quence, all  bodies  floating  therein  would  be  urged  to  the  several  centre.s. 

Bernoulli,  1734,  maintained  to  the  last  the  truth  of  the  Cartesian 
hypothesis,  with  modifications  of  his  own,  and  pretended  to  apply 
mathematical  calculations  to  his  principles,  regarding  gravity  as  due  to  a 
central  torrent  ccntinually  flung  from  the  circumference  of  vortices 
towards  the  centre,  and  so  urging  bodies  in  the  same  direction.  1750 — 
LeSage,  the  eminent  French-Swi.ss  physicist  and  mathematician,  ])iit  forth 
a  theory  of  gravity  that  has  been  pi-onounced  by  Prof.  Tait  as  the  most 
plausible  attemi)t  hitherto  made  to  solve  this  problem.  Le  Sage  sup- 
posed that  there  exists  throughout  the  universe  an  intinite  number  of 
small  particles,  moving  through  space  in  straight  lines  in  every  possible 
direction,  with  a  velocity  greater  than  light,  perpetually  colliding  and 
rebounding,  forming  groups  or  bunches  in  j)laces  ;  such  groups  might 
become  the  basis  of  matter  ;  these  groups  or  other  !)odies  immersed  in 
this    universal    storm-cloud     would    receive    a   perpetual    bombardment 

'Loco  ci/.al.     Query  31. 
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from  all  sides  by  the  little  ])ellets  which  were  supposed  to  swarm  in  from 
every  direction  in  an  iiitinite,  never-ceasing  shower.  A  single  Vjody 
immersed  in  such  a  sea  of  flying  particles,  i  eceiving  an  equal  number  of 
impacts  on  every  j)art  of  its  surface,  woidd  lemain  stationary  ;  but  if 
two  or  more  bodies  were  to  exist  in  such  a  sea,  at  a  distance  from  each 
other,  with  missiles  hurled  at  them  from  every  possible  direction,  then 
each  would  shield  the  other  from  the  blows  falling  upon  the  surfaces  oppo- 
site to  the  sides  facing  each  other,  and  as  the  l>odies  would  receive  the 
greater  impact  upon  their  unshielded  sides,  they  would  be  driven  in 
towards  each  other,  the  amount  of  shielding  increasing  as  tbey  approach 
—  inversely  as  the  square  of  the  distance  diminished  —  exactly  the  ratio 
witli  which  gravity  is  known  to  act.  For  more  than  fifty  years  did  Le  Sage 
with  unwavering  faith  proclaim  his  doctrine  and  urge  upon  his  contem- 
poraries its  adoption,  but  without  success.  His  hypothesis  was  really  a 
further  elaboration  of  the  atomic  theory  of  i.euci|ipus,  the  Greek  phil- 
osopher, in  the  6th  century,  B.C.,  and  adopted  by  Democrites,  Epicurus 
and  Lucretius,  and  in  modern  times  I)y  Gassendi.  Le  Sage  developed 
the  gravitational  part  of  the  theory  which  had  never  occurred  to  his 
predecessors.  Clerk- Maxwell  says  of  this  view  :  "  The  rate  at  which 
the  energy  of  the  corpuscles  is  spent,  in  ordei-  to  maintain  the  gravi- 
tating property  of  a  single  pound,  is  at  least  millions  of  millions  of  foot 
pounds  i)er  second  ;  and  if  any  appreciable  fraction  of  this  energy  is 
coiunumicated  to  the  body  against  which  they  strike,  in  the  form  of  heat, 
the  amount  of  heat  so  genei'ated  would,  in  a  few  seconds,  raise  it,  and 
in  like  manner  the  whole  material  universe,  to  a  white  heat."  Further- 
more, the  atoms  or  bodies  against  which  they  strike  would  have  to  be 
porous  or  cage-like  in  structure  to  an  infinite  extent  in  order  to  allow 
sufficient  quantities  of  these  pellets  to  go  through  a  second  body,  and 
influence  a  third,  to  the  same  extent  as  if  the  force  did  not  penetrate 
the  second  at  all.     Further  objections  also  exist. 

Euler,  1760,  ccmsidered  gravity  due  to  pressure  of  some  kind  in  the 
ether.  In  1816  John  Herepath,  of  Bristol,  Eng.,  accepted  Newton's 
last  suggestion  of  the  ether  becoming  lare  in  and  near  bodies,  an<l 
becoming  more  dense  as  it  proceeded  outward  ;  giving  heat  as  the  cause 
of  such  expansion.  He  also  supposed  that  hard,  inelastic  atoms,  after 
collision,  would  rebound  without  loss  of  energy. 

In  1848  the  great  Faraday  made  experiments  with  a  helix  of  copper 
wire  and  a  galvanometer,  for  the   purpose  of   testing  whether  gravity 
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could  or  could  not  lie  ti .•in.sfbrrued  into  electric  encryy,  l)ut  with  negative 
results. 

In  1840  Mofiotti  supposed  the  particles  of  matter  to  float  in  an 
atuiosjiliere  of  ether,  each  kind  attracting  its  opposite  and  repelling  its 
like.  Mosotti  has,  in  this  way,  dednced  from  this  mutual  action  gravi- 
tation and  the  molecular  foi-ces.  Clansius  and  Hedtheubacher  have  since 
endeavoured  to  explaiu  the  other  energies  by  su|)posing  matter  and 
matter  to  attract  each  other,  also  matter  and  ether,  but  ether  and  ether 
to  repel  their  like.  In  1858  J.  J.  Wateison,  in  the  PJdlosophical 
Magazine,  supposes  all  mateiial  atoms  driven  together  by  a  perpetual 
inrush  of  energy  from  every  direction,  this  energy  is  regarded  as  a 
function  of  space,  is  infinite  in  extent,  producing  gravity. 

Prof.  James  Challis,  of  the  University  of  Cambridge,  and  Director 
■of  Cambridge  Observator}',  till  his  death  in  1882,  devoted  much  of  bis 
time  and  untiring  energy  to  the  elucidation  of  this  subject  ;  he  investi- 
gated tiie  mathematical  tiieory  of  the  efl'ect  of  waves  of  condensation  and 
rarefaction  in  the  ether,  iind  concluded  that  the  effect  would  be 
to  attract  or  i-epel  the  body  to  the  centre  of  disturbance,  according  as 
the  wave's  length  is  very  great  or  very  small,  compared  with  the  dimen- 
sions of  the  body  submerged  therein.  Practical  illustrations  of  the 
effects  of  waves  have  been  given  by  Guyot,  Schellback  and  Thomson. 
When  a  tuning  f<jrk  is  vibrated  near  a  light  body,  tlie  body  is  attracted 
towards  the  fork.  Lord  Kelvin  has  shown  that  this  is  explained  upon 
the  principle  that,  in  fluid  motion,  the  average  pressure  is  least  where  the 
4iverage  energy  of  motion  is  greatest.  J.  S.  Stewart  Glennic,  1865, 
supposed  gravity  to  be  due  to  a  mutual  repulsion  of  atouis  in  the  ether. 
In  the  same  year,  the  brothers  Keller  propounded  before  the  French 
Academy  of  Sciences,  a  wave  theory  differing  but  little  from  that  pre- 
sented by  Dr.  Hooke,  nearly  two  centuiies  earlier.  Kelvin  showed,  in 
1878,  that  if  space  be  supposed  filled  with  an  incompressible  fluid,  and  all 
material  bodies  coritinually  generating  and  emitting  this  fluid  at  a  constant 
rate,  the  fluid  flowing  oft'  to  intiidty,  or  if  all  matter  be  supposed  to  absorl* 
such  a  fluid,  flowing  in  eontinually  from  iuflnite  space,  attraction  of  gravitv 
would  result. 

Dr.  James  CroU,  author  of  Stellar  Ecolution,  considers  gravity  in  all 
probability,  to  be  of  the  nature  of  an  impact  or  pressure.     Either  sup- 
position, he  says  is  purely  hypothetical,  and  he  asks  ;  why  not  assume 
it  to  be  a  force,  without  calling  in   the  aid  of  corpuscles,  or  a  medium 
20 
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tilling  space  %  In  discussing  the  merits  of  |)ressuie  or  attraction,  Croll 
says  "  no  principle  will  ever  be  geaeially  received,  that  stands  in 
opposition  to  the  old  adage — 'a  thing  cannot  act  where  it  is  not,  any 
more  than  it  can  op])Ose  that  other  adage  '  '  a  thing  cannot  act  before  it 
is,  or  when  it  is  not.'"  "These  venerable  adages  are,  however,"  remarks 
Prof.  W.  B.  Taylor,  "about  as  valuable  in  directing  us  to  the  facts  of 
nature,  as  that  other  celebrated  adage  of  Zeno,  '  a  thing  cannot  move 
where  it  is  not,  and  conversely,  it  cannot  move  where  it  is.'" 

Clerk-Maxwell  observes  that  electric  and  magnetic  action  are  explained 
by  assuming  tension  in  the  ether  along  the  lines  of  force,  accompanied 
with  pressure  in  all  directions  at  right  angles  to  those  lines.  Gravita- 
tion, he  says,  could  be  explained  by  assuming  a  reversed  action  ;  that  is, 
pressure  along  the  lines  of  force,  and  tension  at  right  angles  to  them. 
He  was  not,  however,  able  to  imagine  any  phy.sical  cause  for  such  a  state 
of  stress.  "It  is  easy,"  he  remarks,  "to  calculate  the  amount  of  this 
stress  that  would  be  required  to  account  for  the  actual  effects  of  gravity 
at  the  surface  of  the  earth.  It  would  require  a  pressure  of  37,000  tons 
weight  on  the  square  inch  in  a  vertical  direction,  combined  with  .a  ten- 
sion of  the  same  numerical  value  in  all  horizontal  directions  ;  the  state 
of  stress,  therefore,  which  we  must  suppose  to  exist  in  this  invisible 
medium,  is  thousands  of  tons  greater  than  the  strongest  steel  can 
supjiort.'" 

Prof.  Wm.  Crookes  says  :  In  the  radiant  eneigy  of  solar  masses  may 
at  last  be  found  that  agent  acting  constantly  according  to  fixed  !aws  : 
he  regards  the  action  as  action  at  a  distance. 

In  John  Hopkins  University  circular  for  1894,  A.  S.  McKenzie 
claims  to  have  measured  the  gravitational  attraction  of  a  crystal  along 
various  axes,  to  determine  whether  it  would  vary,  as  do  the  velocity  of 
light,  conductivity  and  other  physical  quantities;  his  results,  however, 
show  no  such  vailation.  ^ 

Mr.  J.  H.  Kedzie,  of  Chicago,  a  corresponding  member  of  our 
Society,  has  suggested  that  gravity  may  be  due  to  vibrations  in  the 
ether  caused  by  other  forms  of  energy  which  have  lost  their  motion 
across  the  line  of  propagation,  and  have  been  converted  into  direct 
backward  and  forward  thrusts.  Mr.  Elvins  also  has  ])ropounded  a 
theory  somewhat  similar  to  that  of  Le  Sage,  though  differing  in  this 
respect,  that  he  holds,  we  believe,  that  the  collisions  of  the  coi-puscles. 
would  produce  vibrations  similar  to  that  of  a  solid. 
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Prof.  Thos.  Preston,  1890,  in  Theories  of  Heat,  suggests  that  ether 
vortices,  not  forming  rings,  or  closed  curves,  may  abut  upon  tlie  surfaces^ 
of  particles  of  matter,  and  form  vortex  filaments  constituting  Faraday 
tubes  of  force,  connecting  every  particle  reciprocally  with  each  other  : 
when  the  particles  are  far  apart,  the  filaments  would  be  drawn  out  and 
weakened,  but  when  they  are  near  each  othei-,  the  filaments  would 
thicken  and  exert  a  pressure — equivalent  to  gravity — inversely  as  the 
square  of  the  distance.  Dr.  C.  V.  Burton,  in  Philosophical  Mayaziiiey 
February,  1892,  contends  that  if  the  ether  were  subjected  to  an  enormous 
sti'ain,  and  the  strain  were  to  be  tlien  i-emoved,  it  would  take  a  "  perma- 
nent set"  forming  "strain-figures."  This  theory  supposes  molecules  not 
to  1)6  of  definite  size,  but  that  in  the  ether  surrounding  each  "molecular 
centre,"  there  are  stresses  and  ."^trains  which  grow  continually  less,  a.s 
distance  increases,  but  which  never  absolutely  vanish.  Either  gravita- 
tive  attraction  or  repulsion  might  lesult  from  a  general  application  of 
Dr.  Burton's  theors',  but  by  making  a  plausible  assumption  in  i-egard  to 
the  nature  of  the  strain-figures,  the  force  acting  between  particles  of 
matter  would  always  be  attractive. 

Prof.  Tait  in  1892,  says  :  "  ]\rany  attempts,  often  extremely  ingenious, 
but  all  alike  fruitless,  have  been  made  to  explain  gravitation:  such 
failuies,  howevei-,  in  the  eyes  of  a  genuine  scientific  miin  are  only  an 
encouragement  to  persevere  ;  and  the  vary  i-emarkable  success  which  has 
attended  Clerk- Maxwell's  atteinpt  to  explain  electric  and  magnetic  phe- 
nomena by  means  of  the  luminiferous  medium,  renders  it  at  least  prob- 
able, that  the  properties  of  the  ether  will  some  day  explain  gravitation, 
possibly  inertia  also.  Mere  speculation  of  course  is  of  use  in  .science,  only 
in  so  far  as  it  originates  or  directs  enquiry.  So  that  we  must  be  content 
simply  to  express  the  idea  that  the  ether  may  be  the  one  material  sub- 
stance in  the  universe,  gross  matter  simply  being  differentiated  portions  of 
it,  denser  or  less  dense  than  the  rest;  perhaps  mere  cavities  or  bubVdes." 
This  latter  statement  has  reference  to  the  views  of  Helmholtz  and  Lord 
Kelvin  now  generally  accepted  by  ])liysicists  as  tiie  most  plausible 
explanation  of  the  natui'e  of  ether  and  matter  tluit  has  yet  been  made,. 
viz.,  that  the  universe  consists  of  a  single  ela.stic,  negatively  compressible 
fluid,  without  grained  structure,  a  single  huge  soft  or  elastic  atom  without 
parts,  one  in  the  same  sense  that  the  hard,  indivisible,  impenetrable,, 
indestructible  atom  of  Lucretius,  is  otie.  They  claim  that  it  is  as  easy 
to  think  of  a  single  large  thing  as  to  think  of  a  .single  small  thing.      Tf 
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minute  vortices  be  set  up  in  the  form  of  rings,  in  this  single  large  soft 
atom,  the  rotary  motion  would  stiffen  them,  and  in  a  perfectly  friction- 
less  substance  Helinholtz  has  mathematically  shown,  these  minute 
vortex  rings  would  be  as  indestructible  as  the  hard  Lucretian  atom,  and 
furtliermore  would  possess  the  property  of  elasticity,  which  the  former 
must  lack  ;  it  was  because  of  this  lack  chietly,  Kelvin  informs  us,  that 
he  was  led  to  look  for  some  other  kind  of  atom.  These  vortices,  it  will 
be  noticed,  do  not  resemble  the  Cartesian  vortice  or  whirlpool  in  any 
"way,  but  consist  of  small  closed  rings,  rotating  in  the  manner  that  a 
rubber  ring  rolls  as  it  is  forced  oviar  an  umbrella  handle,  continually 
rolling  inside  out.*  If  this  huge  universal  atom  be  drawn  or  strained 
•outward  in  every  direction  equally,  a  rigidity  will  be  assumed  analogous 
to  a  solid,  directly  as  the  strain.  The  dimensions  of  this  system  might 
be  infinite  or  it  might  be  finite,  as  we  choose  ;  but  there  is  one  thing 
tliere  appears  to  be  no  escape  from  :  whatever  the  nature  and  structure 
-of  the  etlier  may  be  it  is  not  perfectly  frictionless,  for  although  the  truth 
of  the  conservation  of  energy  cannot  be  questioned,  yet  the  fact  of  the 
degradation  of  energy  is  equally  plain.  At  eveiy  change  of  energy  from 
one  form  to  another,  which  is  continually  going  on,  a  determinate  pei- 
centage  is  converted  into  a  form  of  heat  that  cannot  be  reconverted  into 
any  other  form,  and  consequently  unless  tlie  tendencies  of  the  forces  of 
nature  be  reversed,  all  other  forms  of  energy  must  e^■entually  assume  this 
special  form  in  linal  equilibrium,  and  end  in  universal  night.  Prof. 
Peddle  says  on  this  point  :  "  Examples  of  the  degradation  of  energy  are 
evervwhere  seen  in  nature  ;  the  optical  image  of  a  l)ody  is  less  distinct 
than  the  object  itself,  because  some  of  the  so-called  radiant  energy  is 
absorbed  by  the  reflector,  and  takes  the  form  of  heat ;  the  vibrations  of 
a  tuning  fork  die  down  because  the  energy  is  communicated  to  the  sur- 
roundinfT  air,  but  they  also  diminish  because  of  the  production  of  heat 
from  molecular  friction  in  the  vibrating  body  itself  ;  the  stilling  of  storms 
is  accompanied  by  dissipation  of  energy,  and  possibly  starlight  is  weak- 
ened by  its  passage  through  the  ether  ;  indeed,  no  instance  of  transfor- 
mation of  energy  can  be  pointed  out,  in  which  there  is  not  also  dissipation 
of  ener<rv."  However,  as  our  philosophers  inform  us,  this  state  of  things 
will  not  be  brought  about  for  a  few  million  years  yet  to  come,  we  need 
not  be  unduly  worried  about  the  outlook. 


*  Mr.  Collins  here  repeated  the  instructive  "smoke-ring"  experiment  with 
perfect  success. 
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That  the  ether  exists,  there  can  be  no  question,  and  that  its  structure 
displays  the  nature  of  a  pseudo-solid,  seems  demonstrated  beyond  dispute. 
We  endeavour  to  emphasize  these  facts  as  to  the  nature  of  matter  and 
ether,  because  no  theory  of  gravity  can  be  tenable  which  ignores  the 
nature  and  conditions  of  the  medium  through  which  or  by  which  it  acts. 
The  vibrations  of  light,  radiant  heat  and  electricity  are  found  to  travel 
at  the  enormous  rate  of  18G,000  miles  per  second,  such  vibrations  being 
across  the  line  of  propagation,  and  of  the  nature  of  a  solid.  As  no 
known  form  of  matter  can  transmit  vibrations  at  a  fraction  of  such  a 
speed,  there  must  be  a  medium  around  and  through  all  matter  at  suffi- 
cient tension  to  transmit  these  vibrations,  necessitating  a  strain  of  thou- 
sands of  tons  to  the  square  inch.  But,  it  may  be  asked,  what  could  be 
the  physical  cause  of  such  a  strain?  It  is  well  known  that  when  a  limp 
cotton  disc  is  mounted  on  an  axis  and  revolved  rapidly  it  will  stiffen  out 
and  become  quite  rigid,  so  much  so  that  when  the  rotary  motion  is  great 
the  disc  becomes  rigid  enough  to  cut  into  a  plate  of  steel  thrust  against 
its  edge.  If  a  body  resembling  a  Helmholtz-Thomson  universe  atom,  of 
finite  dimensions  and  possessing  inertia,  be  rotated  in  a  direction,  say, 
towards  the  north  and  south,  it  would  gradually  assume  the  form  of  a 
disc,  which  would  continue  to  thin  and  spread  out  indefinitely  while  the 
motion  is  continued.  But  suj)pose  when  it  is  given  the  rorary  motion 
north  and  south,  it  be  given  also  a  I'otary  motion  east  and  west  at  the 
same  time,  then  the  body  will  assume  and  maintain  a  spherical,  lenticular 
or  pseudo  spherical  form,  depending  upon  the  proportion  the  compounded 
angular  lotary  motions  bear  to  each  other.  If  both  motions  were  equal 
a  sj)here  would  result ;  if  unequal,  some  other  form  would  be  determined, 
and  at  the  same  time  a  continuous  strain  would  be  exerted  and  be  dis- 
tributed equally  thi-oughout  the  mass  in  every  direction.  If  this  rotai-y 
motion  were  great  the  strain  would  be  in  like  proportion,  and  the  media 
would  assume  the  rigidity  of  a  solid,  or  pseudo-solid.  In  this  way  any 
proportion  of  tension  might  be  accounted  for  and  be  perpetuated  in  an 
ether  of  this  description  under  such  conditions.     [Experiment — *] 

Paradoxical  though  it  may  seem,  bodies  consisting  of  groups  or 
tangles  of  vortex  rings  of  this  media,  they  themselves,  stiffened  by  their 
own  rotation  into  extreme  rigidity  of  material  atoms,  could  travel  through 

*  An  apparatus,  consisting  of  a  ball  through  which  were  thrust  cotton  fibres, 
was  here  introduced  and  set  in  rapid  motion  ;  the  rigidity  due  to  great  velocity 
was  thus  demonstrated — compounded  rotary  motions  producing  a  sphere. 
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sucli  a  solid  without  any  ripprcciable  friction.  Prof.  Oliver  Lodge  con- 
tinued his  e.\]ieriniei:ts  in  1802,  1893  and  1894  to  detect  a  possible  drag 
exerted  by  matter  as  it  passes  through  the  ether.  He  has  been  able  to 
rotate  two  discs  of  tough  steel,  a  yard  in  diameter  and  one  inch  apart,  on 
the  same  axes,  3,000  revolutions  per  minute,  in  the  same  and  in  opposite 
directions,  and  examined  a  beam  of  light  ])assed  between  them,  witliont 
obtaining  any  evidence  of  a  drag  in  the  ether,  which  should  have  shown 
itself  if  it  existed.  An  oblate  spheroid  of  wrought  iron  weighing  a  ton  and 
magnetized  by  a  current  sent  through  a  wire  wound  around  it  in  a  deep 
groove,  was  also  rotated  without  effect.  Lodge  has  also  determined  by 
experiment  that  moving  bodies  carry  the  ether  along  with  them  in  their 
interstices,  but  that  the  ether  out.side  their  surfaces  remains  relatively 
stationary. 

We  usually  speak  of  the  material  universe  as  being  infinite.  But 
why  should  it  be  sol  If  matter  is  finite  it  cannot  be  infinite  ;  for  one 
<;ondition  is  the  opposite  of  and  denies  the  other.  It  is  a  contradiction 
of  terms  to  speak  of  an  infinite  collection  of  fiuitudes.  We  use  word.s 
and  terms  in  an  ahsohite  and  relative  sense,  and  if  this  be  marked  there 
need  be  no  confusion  of  thought.  Space  relative,  is  distance  between 
extended  points;  space  absolute  is  that  which  remains  when  everything 
(ether  and  all)  is  removed  ;  and  what  remains'?  why,  nothing  but  void, 
absolute  no-thing.  Wheie  does  nothing  end  1  It  caiinut  end  :  having  no 
parts  it  is  simply  absolute  infinite  void.  Space  absolute  cannot,  there- 
fore, be  spoken  of  as  finite,  butspace  i-elative  has  a  limit,  and  within  a  finite 
\tniverse,  without  curved  straight  lines  or  any  apjieal  to  transcendental 
<'eometry  whatever  for  its  postulates.  Loid  Kelvin  informs  us  that  by 
three  processes  of  determination  he  has  been  able  to  prove  atoms  and 
molecules  to  be  of  definite  size  and  dimensions,  in  figures  like  these: 
*'  If  a  speck  that  floats  in  the  sunbeam  be  divided  under  the  mici'oscope 
of  hi<^diest  power  into  30,000  equal  parts,  then  each  of  the  parts  will 
contain  at  least  60,000.000  molecules,  and  every  molecule  ^\ill  contain 
from  two  to  one  hundred  atoms."'  If  this  be  so,  what  must  be  the  num- 
ber of  atoms  contained  by  this  world  of  ours  I  The  number  undoubtedly 
must  be  great — past  enumeration.  But  who  will  say  for  this  leason  that 
the  world  is  infinite  1  And  so  apply  this  principle  to  the  starry  hosts? 
They  may  number  millions  upon  millions,  and  tht-ir  exact  enumeration 
may  never  be  made,  but  vastne.ss  of  measiu'e  and  quantity  do  not  neces- 
sarily indicate  infinity. 
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If  gravity  be  u  form  of  energy  in  any  way  rese^mbling  the  forms  w'nU 
-which  we  are  acquainted,  it  would  seem  tliat  it  would  lequire  time  to 
be  transmitted  from  one  body  to  another  ;  all  the  theories  mentioned 
here,  and  any  other  attempting  a  physical  explanation,  require  a  "time 
propagation"  for  gravity.  Most  of  our  astronomical  authorities  have 
assumed,  liowever,  that  the  action  must  lie  absolutely  instantaneous,  and 
if  it  weie  otherwise,  it  would  l)riiig  ruin  to  our  solar  system  in  short 
order.  The  ivasons  given  for  assuming  this  result  are  briefly,  the 
aberration  argument ;  the  ditierence  of  effect  when  a  body  approaches 
and  recedes  from  an  attracting  centre  ;  and  finally  the  fact  that  no 
allowance  for  time  is  made  in  the  computations  when  gravity  is  reckoned 
with  the  usual  mathematical  formula. 

We  are  told  that  if  gravitation  to(^k  time  to  act,  within  the  solar 
system,  an  abeiration  effect  would  ensue,  the  result  of  which — according 
to  La  Place — would  ultimately  be  to  draw  a  planet  onto  the  surface  of 
its  primary  ;  oi-,  as  is  now  generally  stated,  an  al-erration  effect  would 
throw  it  i'urther  and  fui'ther  away,  as  shown  in  the  di;igrani  below. 
Strange  as  it  may  seem,  the  mathematical  calculations  La  Place  applied 
in  J/ecatiiqne  Celeste  to  an  approaching  Ijody  are  now  applied  to  a 
receding  body.  If  a  foice  emanate  outward  from  the  8un  at  S  with 
say  the  velocity  of  light,  along  the  line  A,  towaids  the  Earth  in  her 
orbit  at  position  1,  the  force  acting  along  this  line  would  not  reach  the 
Earth  until  she  had  arrived  at  position  2,  eight  minutes  afterwards; 
consequently  the  pull  of  the  Sun  upon  the  Earth  would  be  along  the 
line  C  towards  the  aberiation  point  D,  instead  of  along  the  line  B  to 
the  Sun's  centre,  and  the  continual  addition  to  the  tangential  in  this 
way,  must  throw  the  Earth  further  and  further  from  the  Sun  ;  but  as 
no  such  orbital  change  occurs,  the  force  in  action  must,  therefore, 
be  of  such  a  nature  as  to  occupy  no  time  in  traversing  the  intervening 
space. 
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The  above,  with  diagram,  is  the  substance  of  tlie  "  aberration  "  argu- 
ment as  stated  by  Proctor  in  Flowers  of  the  Sky,  Herschel's  Familiar 
Lectures,  Arago's  Astronomy,  Old  and  New  Astronom,y,  and  other  works 
of  a  more  technical  nature. 

Now,  it  appears  to  me  that  a  radiating  energy  (or  force)  acting  from 
a  centre,  such  as  "  S,"  must  dart  out  rays  (vil)rations  or  stresses)  equally 
in  every  direction  at  the  same  time — if  gravity  be  considered  as  an 
emanating  force  it  cannot  do  else  than  this — so  that  the  energy,  or  force, 
must  move  outward  along  the  lines  "  A  "  and  "  B"  together,  and  along 
every  possible  radiant  path  also,  with  the  same  velocity ;  this  being  so, 
when  the  Earth  is  at  "  2  "  it  will  cross  the  line  of  foi'ce  moving  outward 
along  the  radiant  "  B,"  while  the  force  moving  along  the  line  "A"  will 
pass  onward  in  its  path  without  influencing  the  Earth,  at  that  instant, 
in  the  least,  because  the  Earth  would  not  be  there  to  receive  it ;  but  the 
force  moving  along  "  B"  will  meet  and  intercept  tlie  Earth  as  she  crosses 
its  path  at  "  2,"  and  so  in  like  manner  will  every  other  ray  crossed,  in 
succession  pull  the  Earth  in  a  straight  line  for  the  Sun's  centre,  and  not 
to  the  aberration  point  shown  in  the  diagram.  Furthermore,  the  aber_ 
ration  of  light  is  simply  and  purely  an  optical  illusion,  the  displacement 
of  the  path  of  the  light  ray  is  only  an  aj^parent,  and  not  a  real,  displace- 
ment, and  as  gravity  would  not  be  subject  to  optical  effects,  even  this 
apparent  displacement  could  not  occur.  So  that  whether  gravity  be 
instantaneous  or  take  time  to  leap  across  the  chasm,  the  result  would  be 
the  same. 

As  regards  the  reaction  of  the  Earth  upon  the  Sun  the  same  would 
apply  ;  the  Sun  would  be  drawn  towards  position  "  1  "  in-itead  of  to 
position  "  2,"  but  the  lag  in  that  case  being  a  constant  "  2  "  might  be 
blotted  out  and  treated  as  if  it  were  at  "  1." 

As  regards  the  second  argument  against  a  time  propagation  of  gravity, 
namely,  the  difference  of  effect  experienced  duiing  the  approach  and 
recession  of  a  gravitating  body,  such  as  a  comet,  to  and  from  the  centre 
of  attraction  : — 

If  the  force  exerted  upon  the  body  were  of  the  nature  of  an  impact 
or  mechanical  pressure  from  without,  this  argument  might  api)ly  ;  but 
if  the  force  be  of  the  nature  of  a  strain  or  stress,  penetrating  the 
body  in  question,  without  friction,  it  is  difficult  to  see  how  the  motion 
of  the  body  can  modify  or  intensify  the  effect  of  such  a  strain  one  way 
or  the  other  ;   whether  it  crossed   many  vibi-ations  (or  waves),  or  as  it 
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wei*e,  rode  on  the  crest  of  but  one  wave  or  vibration,  the  stress  exerted 
upon  it  would  be  the  same,  depending  .solely  upon  the  distance  sepM rat- 
ing the  attracting  centres,  which  may  be  considered  as  stationery  or  in 
motion  through  a  relatively  stationery  ether.  As  to  no  allowance  being 
made  for  time,  none  is  needed  when  the  result  of  a  "  time"  or  "instan- 
taneous "  action  is  practically  the  same.  This  does  not  prove  that 
gravity  takes  time  to  act,  but  it  does  show  that  any  argument  alleging 
that  such  an  assumption  necessarily  introduces  an  element  of  iiistaldlity 
into  the  .system,  is  fallacious  and  if  persisted  in,  must  remain  a  stumbling 
block  that  effectually  stops  all  investigation  at  the  very  threshold  of  the 
subject. 

That  gravity  can  be  of  the  nature  of  a  mechanical  pressure  seems 
improbable  when  it  is  noticed  that  if  a  plastic  sphere,  when  bulged  at 
the  equator,  as  Jupiter  is,  were  subjected  to  equal  pressure  from  every 
side,  it  would,  after  passing  from  the  form  of  a  .sphere,  continue  to  flatten 
out  into  a  di.sc  one  molecule  in  thickness,  on  account  of  greater  surface 
presented  to  pressure  on  the  sides  than  the  edge.  Attraction,  though  it 
would  be  .satisfactory  here,  on  the  other  hand,  im[)lies  an  action  not  easy 
to  explain  in  other  respects. 

To  sum  up,  the  different  theories  of  gravitation  n)ay  be  classed 
as  (1)  due  to  magnetic  or  electric  action  ;  (2)  impact  of  particles,  as 
of  a  gas  ;  (3)  pressure  in  a  liquid  (negative  or  ])ositive)  and  Cartesian 
vortices  ;  (4)  waves  in  a  liquid  ;  (5)  vibrations  in  a  solid  ;  (6)  action 
from  centres  of  force,  and  between  matter  and  ether;  (7)  attraction, 
necessary  property  of  matter — action  at  a  distance  ;  (8)  pressure  and 
tension  in  a  practical  solid,  or  pseudo-solid. 

Some  of  our  foremost  modern  philosophers  have  endeavoured,  in  the 
name  of  science,  to  fence  off  a  portion  of  nature's  broad  expanse  into  a 
little  domain  of  their  own,  and  have  placarded  its  every  possible  approach, 
with  conspicuous  and  forbidding  letters  of  black,  "  this  is  the  domain  of 
the  unknowable — none  may  enter  hei-e,"  and  have  consigned  this  ques- 
tion, as  well  as  every  other  knotty  question  of  like  nature,  into  this 
handy  though  misty  limbo  of  oblivion.  But  that  this  subject  is,  however, 
within  the  legitimate  field  of  investigation,  it  is  only  necessary  to  point 
out,  that  to  be  aware  of  tlie  existence  of  anything,  objective  or  subjective, 
we  must  have  some  knowledge  of  that  thing  ;  and  no  matter  how  slight 
that  knowledge  may  be,  if  we  know  anything  abovt  it,  the  thing  must  be 
kuowable.  Consequently,  as  we  have  some  knowledge  of  gravity,  it 
21 
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must  be  a  subject  or  object  of  possible  knowledge.  Want  of  progress  in 
the  investigation,    is    no    valid    argument  against  its  possible  solution. 

The  woids  of  Prof.  Tait  are  again  appropriate  here,  "  Failure  in  the 
eyes  of  a  genuine  scientific  man,  is  only  an  encoui'agement  to  persevere." 

Any  satisfactory  theory  must,  however,  successfully  meet  the  require- 
ments ^vilh  which  the  subject  is  conditioned,  namely,  (r/)  the  energy 
must  be  such  as  can  be  transmitted  by  a  solid,  or  pseudo-solid,  and  (6) 
])enetrate  all  bodies  without  dimunition  of  force,  (c)  must  be  a  radiant 
and  continuous  (fi)  diminishing  in  intensity  as  the  Kqi:aie  of  the  distance. 
Tiiougli  the  cause  of  gravitation  remains  still  unknown,  it  may  not  always 
be  so.  Of  the  great  generalization  itself,  I  cannot  do  better  than  close 
with  the  words  of  Prof.  Taylor,  "  But  as  yet,  tins  grand  generalization 
of  universal  gravitation,  after  two  centni'ies  of  busy  thought  and  daring 
sj)ecu]ation,  still  remains  the  largest,  clearest,  surest,  yet  attained  by 
man  ;  and  wiili  each  revolving  year,  new  demonstrations  of  its  absolute 
precision,  and  of  its  universal  dominion,  serve  only  to  fill  the  mind  with 
added  wonder,  and  with  added  confidence  in  the  stability,  and  the 
supremacy  of  the  power,  in  wliich  has  been  found,  '  no  variableness, 
neither  sliadow  of  turning,  but  which,  the  same  yesterday,  to-day  and 
forever.' " 


SIXTH  ANNUAL  MEETING. 

January  7th,  1^96  ;  the  ^''ice-President,  Mr.  John  A.  Pater.son, 
M.A.,  occupied  the  chair. 

Afier  the  reading  of  the  minutes  of  the  previous  meeting,  reports 
from  the  various  officers  were  received. 

Mr.  Cli;is.  P.  Sparling,  Recording  Secretary,  reported  that  there  had 
been  held  (iuring  1895  tweuty-four  regular  meetings  of  the  Society,  with 
an  average;  attendance  of  about  thirty  members,  and  two  open  meetings, 
to  which  tin-  public  had  been  invited.  All  arrangements  in  legard  to 
the  removal  of  the  Society's  efiects  to  the  Technical  School  building  had 
been  satisfa  torily  completed.  Mr.  G.  G.  Pursey,  Librarian,  presented 
a  list  of  donations  to  the  Library  during  1895.  This  included  a  number 
of  valuable  works  on  astronomy  presented  by  the  letiiing  President, 
Dr.  Ltirr.ttt  W.  Smith,  Q.C.,  to  whom  the  thanks  of  the  Society  were 
specially  due.     The  various  observatories  and   scieutific  bodies  which  in 
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the  past  had  favoured  the  Society  by  forwarding  copies  of  their  publica- 
tions, had  continued  to  do  so  in  1895  ;  while  several,  making  donations 
for  the  first  time,  had  kindly  intimated  that  the  Society  would  be  placed 
upon  their  regular  exchange  lists. 

^Ir.  J.  Todhunter,  Treasurer,  reported  that  the  balance  of  cash  on 
hand  would  be  sufficient  to  meet  the  expenses  now  being  incurred  in 
connection  wMth  the  publication  of  the  Transactions  for  1895  ;  the 
income  of  the  Society  was,  however,  still  too  small  to  warrant  certain 
ex])('nditure  whicii  had  been  recommended  by  the  Council.  It  was  with 
the  strictest  economy  only  that  all  necessary  expenses  could  be  met.  On 
motion,  the  Treasurer's  report,  being  duly  certified,  was  adopted. 

The  election  of  officers  for  1896  was  then  proceeded  with,  and 
resulted  as  follows  : — Hon.  President,  Hon.  G.  W.  Ross,  LL.D.  ;  Presi- 
dent, Mr.  John  A.  Paterson,  M.A.  ;  Vice-Presidents,  Mr.  Arthur 
Harvey  and  Mr.  R.  F.  Stupart ;  Corresponding  Secretary,  Mr.  G.  E. 
Luuisden  ;  Recording  Secretary,  Mr.  Charles  P.  Sparling  ;  Treasurer, 
Mr  J.  Todhunter;  Librarian,  Mr.  W.  B.  Musson;  Assistant  Librarian, 
Miss  Jeane  Pursfy  ;  Assistant  Secretary  and  Editor,  Mr.  Thos.  Lindsay; 
Members  of  Council — Messrs.  C.  A.  Chant,  B.A.,  J.  R.  Collins,  Au. 
DeLury,  B.A.,  G.  G.  Pursey,  and  Hev.  C.  H.  Shortt,  I\1.A. 

It  was  moved  by  Mr.  T.  Lindsay,  seconded  by  Mr.  A.  Etvins, 
Re-solved,  That  the  Society  place  on  reconl  its  high  appreciation  of  the  services 
of  Mr.  G.  G.  Pursey,  who  had  voUuitarily  retired  fi-om  the  office  of  Lilinirian  ; 
one  who  had  been  among  the  first  in  Toronto  to  take  active  steps  towards  the 
founding  of  the  Astrononiical  and  Physic;d  Society,  and  who  had  indeed,  during 
the  whole  of  liis  life  since  early  manhood,  been  actively  interested  in  scientific 
pursuits. 

This  was  cariied  unanimously. 

It  was  moved  by  Mr.  (L  K.  Lumsden,  seconded  by  ]\L-.  T.  Lindsay, 
and 

Jiesolvcd,  That  section  1  of  Article  IIL  of  the  Constitution  he  tnmended  by 
adding  the  foflowing  words  after  the  wcrd  "  officers  "  in  the  fourtii  line,  viz., 
""  and  every  ex-President  and  ex-Vice-President." 

This  was  carried. 

It  was  then  moved  by  Mr.  G.  E.  I.umsden,  seconded  by  Mr.  W.  B, 
Musson, 

Resolved,  That  we,  the  officers  and  members  of  The  Astronomical  and  Physical 
Society  of  Toronto,  hereby  tender  our  thanks  to  our  retiring  President,  Larratt  W. 
"Smith,  D.C.L. ,  Q.C. ,  who  has  for  the  past  two  years  so  capably  filled  the  chair.  We 
•owe  to  him  a  debt  of  gratitude,  not  only  for  the  uniform  interest  he  has  exhibited. 
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in  our  pursuits,  but,  moreover,  a  special  meed  of  praise  for  the  munificence  of  hi» 
gift  to  our  Library,  thus  giving  tangible  proof  of  an  earnest  devotion  to  the  cause 
of  science  and  an  earnest  desire  for  the  advancement  of  our  knowledge  therein.  It 
has  been  our  loss  that  the  infirmities  of  years  have  prevented  him  from  more  fre- 
quently discharging  his  duties  among  us  as  our  presiding  officer.  We,  however, 
confidently  expect  to  retain  the  benefit  of  Dr.  Smith's  counsel  in  the  direction  of 
our  aflairs,  and  it  is  our  hope  that  He  that  doeth  all  things  well  will  so  tenderly 
guide  our  retiring  President  that  his  life  will  yet  grow  richer  in  happy  years  and 
brighter  yet  as  it  moves  onward  from  the  mere  discoveries  of  human  experience  to 
that  revelation  of  divine  good  that  crowns  every  useful  life.  May  it  he  long  ere 
with  him  it  grows  late  and  dark. 

The  resolution  was  adopted  and  the  Recording  Secretary  instructed 
to  inscribe  the  same  upon  the  minutes  of  the  Society. 

It  was  moved  by  Mr.  Chas.  P.  Sparling,  seconded  Vjy  Mr.  A.  Elvins, 

Resolved,  That  we,  the  officers  and  members  of  The  Astronomical  and  Physical 
.Society,  of  Toronto,  hereby  offer  our  thanks  to  our  retiring  Vice-President,  E.  A. 
Meredith,  LL.D.,  for  the  uniform  and  kindly  interest  he  has  alwaj-s  exhibited  to 
us  in  our  meetings  and  pursuits.  It  has  been  most  gratifying  to  us  all  to  have 
enjoyed  the  distinction  of  ranking  amongst  our  officers  the  name  of  Dr.  Meredith. 
Altliough  he  retires  from  our  list  as  Vice-President,  we  yet  confidently  trust  to 
retain  the  benefit  of  his  counsel  in  the  direction  of  our  affairs.  If  a  man  will  but 
keep  his  light  shining,  the  Almighty  will  put  it  where  it  can  be  seen.  We 
earnestly  hope  that  our  retiring  Vice-President,  full  of  years  and  rich  in  life's 
experience  and  of  mature  scholarship  as  he  is,  will  be  helped  to  keep  his  light 
shining,  and  we  know  that  it  will  be  seen  ever  lustrous  and  clear  for  the  good  and 
the  right  and  the  true. 

The  resolution  was  adopted  and  the  Recording  Secretary  instructed 
to  in.scribe  the  same  upon  the  minutes  of  the  Society. 

Mr.  R.  F.  Stupart,  Director  of  tlie  Toronto  Magnetic  Observatory, 
presented  the  following 

REPORT    OF    THE    EAUTH    CURRENT    COMMITTEE. 

During  the  past  year,  through  the  courtesy  of  Mr.  S.  S.  Dickenson, 
Superintendent  of  the  Commercial  Cable  Company  at  Canso,  N.  S., 
returns  showing  the  direction  and  voltage  of  Earth  Currents  measured 
at  5  a.m.  each  day  on  the  Company's  cables,  have  been  received  at 
Toronto.  These  readings  are  likely  to  prove  most  useful  and  valuable ; 
they  have  been  charted,  the  ordinates  used  being  the  current  expressed 
in  volts  and  time.  On  the  same  paper  have  been  charted  curves  showing 
the  daily  mean  values  of  the  vertical  and  horizontal  magnetic  components 
at  Toronto  Observatory.  A  comparison  of  the  curve  formed  from  the 
Earth  Currents,  measured  on  a  cable  running  eastward  from   Canso  to 
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Ireland,  with  the  magnetic  components,  is  especially  interesting,  as 
there  is  often  a  aiarked  similarity  in  the  curves,  indicating  pretty  clearly 
that  there  is  a  close  connection  between  the  two  phenomena ;  doubtless 
had  we  a  continuous  record  of  the  Earth  Currents  the  comparison  would 
be  still  more  interesting,  and  the  connection  more  evident. 

In  the  accompanying  table  are  given  the  values  of  the  E.  C.  readings 
for  the  month  of  April,  together  with  the  absolute  values  of  the  magnetic 
elements  : — 

April,  1895. 


DATE. 

EARTH  CURRENTS 

IX  VOLTS. 

CAXSO,  N.S. 

CABLE  NO.  3. 

HORIZONTAL 

FORCE, 

TORONTO. 

VERTICAL 

FORCE, 
TORONTO. 

TOTAL  FORCE, 
TORONTO. 

DECLINATION, 
TORONTO. 

1 

+  3-28 

0-16645 

0-60271 

0-62527 

284-9  West 

2 

+  8-82 

0-16657 

0-60283 

0-6-2541 

284-3  " 

3 

-  2-85 

0  16662 

0-60-252 

0-6-2514 

284-0  " 

4 

+  0-20 

0-16670 

0-60276 

0-6-2539 

283-9  " 

-  5 

+  4  02 

0-16647 

0  •60-285 

0-62540 

285-9  " 

6 

-  1-62 

0-16651 

0-60267 

0-6-2525 

285-4  " 

7 

+  1-20 

0-16652 

0-60313 

0-6-2571 

285-7  " 

8 

+  0-62 

0-16663 

0-60282 

0-62542 

•285-3  " 

9 

+  0-38 

0-16653 

0  61-262 

0-62520 

284-0  " 

10 

-  0-45 

0-16650 

0-60304 

0  •6-2560 

285-8  " 

11 

+  9-76 

0-16635 

0.60-257 

0-62511 

281-6  " 

12 

+  20-32 

0-16623 

0-60321 

0  62570 

285-2  " 

13 

-  1-36 

0-16643 

0-60300 

0-6-2554 

283-6  " 

14 

+  1-83 

0-16647 

0-60263 

0-6-2532 

2S2  9  " 

15 

+  2-43 

0-16650 

0-60273 

0-62530 

285-3  " 

16 

+  0-55 

0-16659 

0-60311 

0-62569 

28S-8  " 

17 

+  6-10 

0  16649 

0  60256 

0-62514 

284-5  " 

18 

+  4-83 

0-16649 

0-60285 

0-6-2542 

283-7  " 

19 

+  0-22 

0-16651 

0-60288 

0-6-2545 

283-3  " 

20 

-  0-48 

0-10648 

0  60290 

0-62546 

283-6  " 

21 

+  1-54 

0  16660 

0-60304 

0-62564 

285-6  " 

22 

-  0-37 

0-16667 

0  60251 

0-6-2540 

284-6  " 

23 

-  315 

0-16669 

0-60274 

0-62537 

283-6  " 

24 

+  1-22 

0-16653 

0  60-296 

0-6-2554 

284-7  ' ' 

25 

-r  1-02 

0- 16658 

0-60277 

0-62537 

282-2  " 

26 

+  9 -SO 

0-16647 

0-60275 

0-6-2531 

•286-1  " 

27 

-r  0-50 

0-16657 

0-60261 

0-62.534 

284-9  " 

28 

+  0-20 

0-16660 

0-60311 

0-62571 

285-4  " 

29 

+    2-23 

0-16663 

0-60-289 

0-62549 

'284-9  " 

30 

-r   1.50 

0-16670 

0-60-280 

0-62543 

284-9  " 

It  was  then  announced  that  at  a  special  meeting,  to  be  held  Jan. 
21st,  the  President  would  read  a  review  of  astronomical  progress  during 
the  past  year,  and  the  proceedings  were  brought  to  a  close  by  ad- 
journment. 
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\^Address    delivered    before    The    Astronomical  and  Physical  Society   of 
Toronto  in  the  Lecture  Room  of  the  Technical  School,  January  21st, 
1896,  by  the  President,  Mr.  John  A.  Pater  son,  M.A.^ 


THE  PROGRESS  OF  ASTRONOMY  IN  1895. 

_  I  wish  to  thank  you  veiy  earnestly  for  the  distinguished  honour  you 
have  conferred  upon  me  in  placing  me  in  the  Presidential  chair.  With 
much  diffidence,  I  accept  the  distinction,  for  it  is  one  worthier  of  an  abler 
man,  but  the  hesitancy  which  almost  overpowers  me  is  counteracted  by 
the  conviction  that  you  do  not  expect  too  much  from  me,  and  I  know 
that  the  members  of  the  Council  who  surround  me  are  so  earnest  and  sa 
capable,  that  I  am  assured  of  a  most  vigorous  support  in  the  dischaige  of 
my  duties.  But  I  wish  you  to  know  that  although  my  heart  is  stirred 
with  that  conviction,  yet  I  purpose  to  do  all  that  lies  within  the  circum- 
ference of  my  pow-er  to  cope  with  all  the  responsibilities  involved  in  and 
chargeable  upon  the  ottice.  You  are  all  searching  for  Truth — I  trust 
your  search  for  her  will  meet  with  more  success  than  you  have  met  with 
in  your  search  for  a  President. 

This  country  is  not  old  enough  nor  large  enough  yet,  to  possess  any 
number  of  men  of  leisure  possessing  cultured  surroundings  and  scientific 
aspirations.  We  are  all  busy  men  and  women,  and  although  one  must,^ 
on  the  one  hand,  avoid  fritteiing  away  energies  in  too  many  pursuits, 
and  thus,  by  too  great  expansion  and  consequent  rarefaction,  diminish 
kinetic  energy  according  to  a  well  understood  physical  law  which  has 
also  its  counterpart  in  the  domain  of  intellect,  yet,  on  the  other  hand,  a 
change  of  pursuit  is  beneficial,  and  tends  to  develop  a  fully  rounded  man 
and  make  his  nature,  so  to  speak,  spherical  and  not  eccentrical.  As. 
Longfellow,  in  his  Table  Talk,  puts  it  :  "  As  turning  the  logs  will  make 
a  dull  tire  burn,  so  changes  of  study  a  dull  brain." 

To  wrest  from  the  book  and  volume  of  the  sky  its  secret  and  to  read 
its  mystery,  is  a  problem  that  for  centuries  has  strained  the  highest 
powers  of  human  intelligence.  The  solution  of  that  problem  has  been 
in  progress  since  our  great  ancestor  gazed  for  the  first  time  on  the  gloom 
that  deepened  from  the  purple  twilight  and  in  the  mellowing  shade  he- 
first  beheld  the  radiant  rulers  of  tlie  night. 
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Discovery  commenced  as  a  very  feeble  rill,  and  as  centniies  rolled 
on  swelled  into  u  niightiei-  and  swifter  current,  although  the  silver 
purity  of  Truth  lias  been  fouled  many  times  by  muddy  torrents  of 
error,  which  have  often  blotted  out  the  efforts  of  nature  to  reveal  to 
man  the  teachings  she  would  have  him  learn.  There  have  been  in  its 
progress  periods  of  hybernation,  during  which  the  astronomic  mind 
rested  from  its  labours  to  gather  strength  for  some  greater  achievement. 
Kepler,  toiling  with  laborious  induction,  died  twelve  years  before  Newton 
was  born,  and  reached  the  meridian  of  his  glory  well  nigh  three-quarter.s 
of  a  century  before  the  great  English  philosopher  invented  his  calculus 
and  taught. the  ages  the  secret  of  the  universe  by  a  rigid  deduction  from 
the  one  great  general  principle  of  gravitation.  Nature,  ever  since  pi-imi- 
tive  man  had  first  hurled  a  stone,  had  been  stiiving  to  reveal  the  secret, 
which  holds  the  universe  in  its  power,  and  to  teach  the  law  which  has  in 
its  keeping  the  earthward  fluttering  of  the  linnet's  feather,  as  well  as  the 
ceaseless  swing  through  the  infinitude  of  space  of  the  mighty  Sirius. 
Newton  fiist  interpreted  the  strivings  that  Nature  was  making  to  teach 
and  read  her  symbols  to  the  world  of  philosophy,  and  the  era  of  Physical 
Astnmomy  dawned.  And  then  fol!owe<i  a  long  quiescence.  The  Sun 
since  first  he  had  shone  through  his  nebulous  shroud  had  been  flashing 
signals  to  the  Earth  telling  her  of  his  nature  and  of  her  genesis.  Every 
ray  of  light  was  a  messenger  bearing  syn)bols  of  scientific  truth  :  but 
man  would  not,  or  could  not,  read  the  message  until  Fraunhofler,  and 
KirschofT,  and  Huggins,  and  Do])pler,  and  Young,  received  the  beam 
tfirough  the  spectroscope  and  read  the  story  the  Sun  wished  to  tell. 
And  soon,  too,  Arcturus  and  the  rest  of  the  starry  host  gave  up  their 
secrets  ;  their  structure  was  examined,  and  as  a  musician  by  his  tuning- 
fork  determines  the  pitch  of  a  note,  so  the  spectroscopist  by  the  dark 
line  or  the  bright-line  analyses  the  constitution  of  the  most  distant  wan- 
derer that  hovers  on  the  very  conflnes  of  visibility.  And  so  the  work 
goes  on,  and  Science  ])lants  her  foot  still  further  and  further  onwaid, 
ever  onward,  and  slowly  conquers  the  desei  t  of  the  unknown  but  the 
knowable,  and  transforms  it  by  her  wondrous  culture  into  smiling  fer- 
tility— a  hand-breadth  only  it  may  be  in  a  whole  century — but  many 
hand-breadths  make  a  space  which  lessens  the  vast  unknown.  It  has 
been  my  great  privilege  on  two  previous  occasions  to  review  shortly  the 
advancement  of  astronomic  science  in  11^93  and  1894.  The  year  1S9.> 
is  behind  us — it  is  a  thing  of  old,   but    its  achievements  in  Astronomy 
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mid  Pliysios  will  live  with  those  of  pivvious  years,  and  so  we  push  out 
into  the  dim  twilight,  to  be  succeeded  by  the  clearer  day.  What,  then, 
lias  1(S95  accomplished  for  us  in  our  pursuits?  What  psean  of  victory 
can  it  sound  ?     What  conquest  has  it  made  1 

The  jjast  year  has  aiided  a  moie  than  ordinary  share  to  the  world's 
observatories.  The  Universities  of  Pennsylvania,  Minnesota  and  Ohio, 
and  the  C  tsc  School  of  Apjdied  Science  (Cleveland),  are  having  huge 
telescopes  l)uilt.  At  Flower  Farm,  near  Philadelphia,  the  first  of  the 
new  l)iiiidings  lo  be  erected  at  a  cost  of  $50,000,  has  been  commenced  ; 
this  is  to  be  equipped  with  an  18-inch  refractor,  with  an  objective 
by  Btashear.  Ur.  Wolf,  at  the  University  of  Heidelberg,  has  mounted 
two  astiuphotographic  doublets  made  also  by  Brashear,  each  sixteen  inches 
clear  aperture.  The  Willard  lens  of  the  Lick  Observatory,  which  has 
produced  such  matchless  photographs  of  nebulje  and  comets  and  the 
JMilky  Way,  is  only  six  inches  in  diameter.  We  all  expect  great  results 
from  the  new  lleicielberg  doublets.  .V  Solar  Physics  01)servatory  has  in 
1895  been  even  built  on  "  India's  coral  strand  "  (if,  indeed,  that  is  a 
correct  expression  at  7,700  feet  above  the  sea  level),  in  the  Madras 
Presidency,  under  the  best  atmospheric  conditions  beneath  that  star- 
gemmed  sky,  whereto  the  old  Fire  Worshippers  centuries  ago  lifted  devout 
eyes  from  their  Zend  Avesta,  and  there  traced  the  footsteps  of  their 
deity  in  the  ever  circling  stars.  The  superb  gift  of  Mr.  Edward  Crossley, 
F.R.  A.S.,  and  M.P.  for  Halifax,  England,  to  the  Lick  Observatory  has 
arrived,  and  is  being  placed  in  jiosition.  This  giant  reflector  is  in  dia- 
meter thirty-six  inches,  its  mirrors  and  finer  mechanical  parts  weigh 
more  than  one  and  a-half  tons,  the  mounting  seven  and  and  a-lialf  tons 
and  the  larger  part  of  the  dome  twenty-three  and  a  half  tons.  This  giant 
light  gatherer  will  make  Mount  Hamilton  the  most  famous  spot  in  the 
world  for  its  aggregation  of  magnificent  instruments.  This  is  truly  a 
great  international  courtesy,  and  proves  surely  the  uplifting  power  of 
science.  When  England  gives  one  of  her  greatest  instruments  to  help 
America  conquer  the  depths  of  space  and  pluck  from  the  heart  of  the  far, 
far  distant  nebula  that  faintly  gleams  on  the  confines  of  space  the  secret 
of  her  nature,  let  not  the  nations  wrangle  over  a  few  miserable  acres  of 
swamp  land  in  South  America.  The  aspirations  of  science  are  loftier  than 
those  of  politics.  Were  those  who  guide  the  destinies  of  nations  to  sit  at 
the  feet  of  Philosophy  and  become  scientific,  they  might  become  high- 
minded.      But  when  I  read  the  triumphs  of  other  Univensities  in  procur- 
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ing  magnificent  astronomical  equipment,  I  betliiuk  myself  of  that  Uni%er- 
sity  that  lies  nearer  our  hearts  and  cannot  yet  for  want  of  money  and 
public  spirit  take  her  true  place  among  her  sisters  on  this  continent,  share 
in  the  tiiumphs  of  astronomic  progress,  help  to  bend  down  lower  the 
branches  of  that  tree  of  knowledge  that  hides  its  top  in  the  firmament,  and 
thus  write  hei'  own  jjage  iji  the  ever  nmltiplying  books  of  discovery  and 
observation.  Bafore  I  ("lose  this  pai't  of  my  review,  let  me  tell  you  of  the 
leviathan  that  is  expected  at  the  Paris  Exposition  of  1900  to  gaze  into 
the  abyss  of  space  with  a  48  inch  objective.  It  is  to  be  so  arranged  that 
images  of  objects  under  view  will  fall  on  a  screen,  .so  that  a  number  of 
oV)servers  will  see  at  the  same  time.  What  this  will  cost  is  not  yet 
recorded,  but  nothing  i.s  too  costly  in  the  search  for  truth.  I  notice  in 
passing  a  new  instrument  invented  by  M.  Lippman,  called  the  coelostat, 
whereby  a  star  and  the  whole  stellar  vault  presents  a  steady  image  for 
the  purposes  of  observation.  A  plain  mirror  is  mounted  on  an  axis 
parallel  to  a  line  joining  the  celestial  poles,  and  by  clock-work  the  whole 
-apparatus  is  rotated  in  forty-eight  hours. 

There  is  a  very  popular  impression  that  astronomers  at  large  obser. 
vatories  spend  their  time  in  sitting  in  turn  at  the  eye  end  of  their  in- 
struments, and  live  hiborious  night  in  seeking  to  discover  some  new 
thing,  like  the  ancient  Athenians  in  St.  Paul's  time  ;  as  if  indeed  the 
be-all  and  the  end-all  of  astronomic  effort  was  to  ferret  about  in  the  sky 
and  find  out  some  new  comet,  or  planet,  or  satellite,  or  star.  But  the  fact 
is  that  very  few  professional  astronomers  engage  in  that  work,  and  such 
a  pursuit  is  left  to  amateur  astronomers  and  the  smaller  observatories. 
The  Lick  Observatory,  for  instance,  devotes  about  one  twenty-fifth  of 
its  energies,  and  much  less  than  one  twenty-fifth  of  its  equi[)ment  in 
looking  for  new  objects.  8uch  an  expen.sive  equipment  as  it  possesses 
could  not  be  ]ierpetually  employed  in  such  uncertain  work.  Nearly  all 
the  unexpected  comets  have  been  di.seovered  l)y  private  astronomers. 
Of  the  five  new  stars  discovered  .since  1866,  three  are  to  be  credited 
to  amateurs  ;  of  the  seven  satellites  of  our  solar  system  discovered  since 
1840,  four  were  di.scovered  by  a  private  observer  at  Liver[)Ool,  although 
indeed  for  such  research  a  large  telescope  is  peculiarly  fitted.  The 
sweeping  for  variable  stai's  is  neaidy  all  done  by  amateurs.  The  inquiry 
then  is  pertinent — if  the  greater  part  of  this  success  is  due  to  private 
enterprise,  what  is  left  for  profe.ssionals  with  their  splendid  observa- 
tories equipped  with  the  finest  and    mightiest   instruments  endowed  by 
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princely  munificence  or  under  govenmipnt  patronage  1  Prof.  W.  W. 
Campbell  tells  us  what  such  scientific  work  really  is.  It  begin.s  just 
when  the  new  object  is  discovered  ;  it  consists  in  the  collection  of  facta 
and  numerical  results,  and  their  arrangement  in  such  a  form  that  the 
general  principle  and  laws  of  the  science  become  ap])arent.  The  nucleus 
of  their  work  is  not  "  discovery,"  but  it  is  "  investigation."  As  Darwin 
laboured  to  construct  a  theory  of  organic  life  from  a  vast  inductive 
research  of  every  form  of  life  that  existed,  and  by  comparison  of 
all  grades  and  varieties  sought  to  evolve  some  great  and  universal 
law,  so  the  astronomer  seeks  from  a  laborious  research  into  the  inorganic 
life  of  the  universe,  tracing  the  flight  and  watching  the  movements 
of  sun,  planet  and  satellite,  comet,  meteor,  nebula  and  cluster,  to  con- 
struct one  vast  and  pervading  theory  that  will  dominate  as  a  mighty 
law  of  which  even  that  of  gravitation  may  be  merely  a  sub-section.  All 
the  facts  of  their  nature,  their  whence  and  their  whither,  their  present 
and  their  future,  all  the  essentials  of  their  being  the  ])rofessi(mal  astro- 
nomer, with  unstinted  struggle  and  unbaffled  skill,  labours  to  conquer. 
Nor  is  it  to  be  supposed  that  a  big  telescope  is  all  that  is  wanted.  It 
is,  no  doubt,  an  important  matter  to  use  a  large  objective,  but  it  is  of  more 
importance  to  have  a  keen  eye  at  the  eyejnece,  and  behind  that  again  a 
large  brain  that  can  interpret  what  the  eye  sees.  Great  results  can  flow 
from  the  little  end  of  even  a  little  telescope,  provided  a  mathematical 
astronomer  is  there,  and  not  a  mere  observer.  La  Places,  Herchells, 
Struves  and  Bessels  aie  wanted  more  in  the  \\  orld  of  astronomic  science, 
very  much,  indeed,  more  tlian  Lick  or  Yerkes,  or  the  most  renowned 
artificers,  although  all  these  have  built  the  ladder  by  which  the 
scientific  asti'onomer  has  scaled  the  heights  of  success.  God  alone 
makes  the  astronomer  ;  man  may  make  an  observer.  Bessel  said,  "  a 
practical  astronomer  could  make  observations  of  value  if  he  had  only  a 
cart  wheel  and  a  gun  barrel."  The  profoundest  discoveries  excite  little 
popular  attention,  but  if  a  new  comet  is  discovered,  then  every  newspaper 
heralds  it,  and  the  world  ruled  by  reporterdom  is  all  agog  with  amaze,, 
and  the  fortunate  discoverer  becomes  digito  moxstratus,  "  pointed  at  with 
the  finger."  There  is,  indec),  a  pojmlar  superstition  about  the  superiority 
of  large  instruments,  but  there  is  at  hand  an  eflfective  commentary  on  that 
for  Schiaparelli  discovered  the  peculiar  configurations  on  Mars  vyhich 
he  calls  canals  with  eight  and  one-third  inches,  while  the  great  Wash- 
ington refractor  of  twenty-six   inches  had  failed  to  reveal  them.      It    is. 
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one  tiling  to  see  and  ;uii)tlier  tiling  to  jierceive  wliat  you  see.  Further 
more,  there  is  a  limit  to  telescopic  power  even  were  there  no  limit  to 
the  size  of  an  objective  or  the  strength  and  steadiness  of  its  mounting, 
because  we  live  at  the  bottom  of  an  ocean  of  atmosphere  and  lock 
through  what  is  often  a  heaving,  whirling  mass  of  disturbing  billows. 
As  we  increase  the  magnifying  power,  we  proportionately  increase  tlie 
distortive  power  of  the  boiling,  quivering  fluid  in  which  we  are 
immersed,  and  through  which  we  have  to  look.  When  the  atmosphere 
is  disturbed  in  this  way,  which  may,  indeed,  happen  apparently  in  the 
clearest  and  calmest  night,  scrutinizing  planets  in  detail  is  like  trying 
to  read  a  page  of  fine  print  through  an  opera  glass,  when  the  print  is 
kept  dancing  up  and  down  rajjidly  and  irregularly.  The  me  jdus  ultra 
of  telescopic  work  would  be  in  a  condition  where  we.  could  set  it  up  ia 
vacuo  and  dispense  with  the  embarrassment  of  lungs  ;  then  what  an 
Ely.sium  of  telescopic  joy  we  would  have,  because  indeed  we  would  be 
then  in  the  Elysian  tields.  Tlie  result  of  this  terrestrial  atmospheric 
inconvenience  i.s  that  the  giant  telescopes  can  give  their  best  results  in 
searching  out  minute  configurations  of  planetary  or  lunar  detail  only  at 
rare  intervals  of  time,  and  so  the  Lick  observers  are  forced  to  wander 
from  in.strumeiifc  to  instrument  and  suit  their  observations  to  the  atmos- 
pheric disturbance. 


The  problem  of  the  Sun  and  its  nature  has  made  j)rogress  duiing 
the  last  year.  This  globe  of  flaming  gas  has  had  volumes  written  on 
it,  and  theories  of  its  nature  are  in  number  "  thick  as  autumnal  leaves 
that  strow  the  brooks  in  Vallombrosa,"  until  one  would  almost  re-echo 
Macbeth,  who,  when  oppressed  with  dismay  at  the  ap])roach  of 
Birnam  wood,  said,  "  I  "gin  to  be  aweary  of  the  sun."  The  period 
of  the  Sun's  rotation  has  been  variously  estimated.  Prof.  F.  W.  G. 
Sporer,  of  the  Astro-Physical  Observatory  at  Potsdam,  attained  great 
celebrity  by  his  determination  of  the  rotation  period,  and  by  his 
investigations  relating  to  the  law  of  the  retardation  of  this  rotation 
dependent  on  latitude.  Duner  solved  the  same  problem  from  spec- 
troscopic observations.  But  it  has  been  reserved  for  M.  Von 
Stratonoff  to  demonstrate  in  1895  a  shorter  period  of  the  solar  rotation 
by  observations  of  the  facul*.  It  was  once  a  favourite  theory  that 
terrestrial  phenomena   and    sun-spots   were  closely  connected,  but  now 
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Dr.  Lewis  Swift  has  suggested  that  the  true  connection  is  between  these 
phenomena  and  the  faculse.  Mr.  H  Ebart  has  sunk  his  thermometer, 
so  to  speak,  below  the  photosphere  and  finds  that  it  records  40,000°  C. 
The  scientific  worhl  is  now  making  preparation  for  that  sublimest  and 
rarest  of  astronomical  spectacles,  the  total  eclipse  of  the  Sun,  which  is 
timed  for  August  9th,  189G.  The  line  of  totality  crosses  the  coast  of 
Norway  and  the  region  of  the  Varanger  Fjord  is  the  objective  point  of 
the  ecli2)se  expedition  organized  by  the  British  Astronomical  Association, 
and  there,  right  in  the  home  of  the  north  wind,  scientists  will  establish 
themselves  and  during  that  critical  period  of  totality,  with  telescope  and 
spectroscope  and  every  available  weapon  from  the  arsenal  of  science, 
will  attack  the  mystery  of  the  corona  and  comjiel  her  to  let  go  her  seci'et 
Already  observers  are  rehearsing  for  this  great  event,  dividing  an 
imaginary  corona  amongst  themselves,  and  testing  their  capacity  at  rapid 
diaughting,  for  Dame  Nature  is  not,  in  this  regard,  generous,  and  offers 
her  students  a  fleeting  glimpse  of  this  most  wondrous  sight  for  only  106 
secorids.  Other  observers  are  prepared  to  search  yet  again  for  Yulcan 
the  supposed  intra-Mercurial  planet,  and  others  yet  for  a  comet  which 
may  be  in  conjunction. 

In  1868,  when  the  s[)ectroscope  was  hrst  directed  upon  a  solar 
eclipse,  the  famous  D-3  line,  the  bright  yellow  line  near  the  D  lines  of 
sodium,  was  first  seen  in  the  prominences.  It  has  no  corresponding 
dark  line  in  the  ordinary  solar  spectrum.  Frankland  gave  to  the  unknown 
substance  to  which  this  line  was  ascribed  the  name  of  helium,  as  if  it 
were  indigenous,  so  to  speak,  to  the  Sun.  After  this,  D-3  was  detected 
in  the  stellar  spectra,  but  it  was  not  found  in  any  part  of  the  Earth, 
which  was  strange,  and  could  not  be  accounted  for  if  indeed  the  Earth  is 
a  child  of  the  Sun,  and  not  an  aggregation  of  independent  materials.  If 
the  nebular  hypothesis  is  true,  the  Eai-th  should  show  its  kinship  to  the 
Sun  by  distinct  marks  of  inheritance,  and  amongst  others  heliuyn,  unless, 
indeed,  all  the  heUu/n  that  ever  w^as  in  the  Earth  became  free,  and  its 
molecules  having  a  velocity  of  more  than  seven  miles  a  second,  had  left 
the  Earth  to  seek  some  body  of  greater  gravitating  jjower.  And  thus 
the  inquiry  rested  until  Lord  Rayleigh  and  Prof.  Eamsay  announced 
the  discovery  of  a  new  substance  in  our  atmosphere.  They  had  noticed 
that  the  density  of  nitrogen  taken  from  the  air  differs  about  one-half 
per  cent,  from  the  density  of  nitrogen  obtained  in  any  other  way.  This 
element,  that  so  strangely  affected  atmospheric  nitrogen  and  gave  it  a 
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distinctive  character,  they  separated  by  the  action  of  magnesium,  and  a 
new  gas  was  evolved  whose  density  was  fifty  per  cent,  greater  than 
nitrogen.  This  they  called  argon,  because  "it  did  no  work,"  although, 
indeed,  that  negative  character  could  not  have  been  attached  to  these 
indefatigable  chemists.  Last  March,  Prof.  Ramsay,  seeking  to  ascer- 
tain if  this  youngest  born  of  scientific  discovery  could  combine  with 
anything  else,  was  examining  the  rare  earth  found  in  Norway  known  as 
cl^veite.  When  treated  with  weak  sulphuric  acid  it  gave  off  argon, 
associated  with  something  else,  which  he  described  as  "  a  gas  which  has 
not  yet  been  separated."  It  was  submitted  to  Prof.  Crookes,  and  it 
was  proved  to  be  helium  imprisoned  in  the  cleveite,  and  thus  helium,  is 
now  a  misnomer,  and  the  Earth  bears  another  possession  from  her  great 
Sun-mother,  although  it  is  of  such  a  light  and  frivolous  character  that  if 
released  from  its  rocky  prison  it  will  fly  Sun-wards  and  seek  once  again 
to  nestle  in  the  bosom  of  that  fiery  power  that  gave  it  birth. 

MERCURY. 

This  nearest  attendant  on  the  monarch  of  our  system  has  had  his 
density  measured  anew  during  1895.  He  is  neither  too  swift  nor  too 
small  to  escape  the  grasp  of  the  calculus  and  the  probing  of  the  astrono- 
mer's staff.  Thi'ough  a  rigid  demonstration,  based  on  the  perturbations 
of  Encke's  comet,  the  density  of  Mercury  has  been  found  to  be  3-7  (water 
being  1).     The  Earth  is  the  densest  body  in  our  system. 


Herr  Bremner  has  been  at  work  on  the  rotation  period  of  our  evening 
and  morning  star,  and  has  evolved  a  new  result  of  23h.  .57'  8",  not 
differing  much  from  that  of  our  own  daily  movement ;  but  this  is  several 
minutes  slower  in  time  than  the  formerly  accepted  results. 


When  Mars  comes  to  be  reviewed  we  do  it  with  hesitancy,  knowing 
how  easily  we  turn  from  the  firm  ground  of  scientific  investigation  to  the 
slii)pery  path  of  romantic  story.  The  popular  humour  delights  in  phil- 
osophy decked  with  the  charm  of  conjecture.  Anything  which  is  con- 
ceivable may  be  interesting,  but  science  is  founded  upon  the  rock  of 
evidence.  Even  an  astronomer  may  say  "  it  can  be  stated  without  fear 
of  refutation  that  such  and  sucli  a  proposition  is  true."     A  new  theory 
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of  cosmogony  might  be  built  upon  such  a  basis,  and  lecture  halls  would 
ring  with  plaudits  at  the  unfolding  thereof,  notwithstanding  the  warning 
"that  the  assertion  which  outstrips  evidence  is  not  only  a  blunder  but  a 
crime."     Bacon  truly  said  in  his  essay  on  Truth,    "The  mixture  of  a  lie 
doth  ever  add  pleasure,"  by  which   he   meant   not  a  lie  in   malice,  but 
any  bold  statement  that  was  fleeter  of  foot  than  evidence.      Rigid  demon- 
stration is  unpopular,  but  any  astronomer  of  reputation  and  of  ready  wit 
can  fill  a  lecture  hall  if  he  proposes  to  discuss  the  altitude  of  the  Martian 
inhabitant ;  or  if  ho  will  tell  ns  how  to  construct  some  mighty  triangle 
or   pentagon    on   the   Desert   of   Sahara,   light  it  with  miles  of  electric 
lio^hts,  and  then  watch  for  results  from  onr  neighbour  Mars.      This  was 
exactly   what    happened    with    Mr.    Lowell,    of   Flagstaff   Observatory. 
Huntington  Hall,  at  Boston,  was  filled,  every  seat  and  all  the  standing 
room,   when  he  gave  his  four  lectures  on  the  planet  Mars.      He  is  a 
very  famous   astronomer,  and  writes   most  charmingly  in  the  Atlantic 
Monthly,  and    when   he    speaks    he    will    be    listened    to    eageily,    and 
what    he    writes    will    be    read    by    the    magazine-loving    public   from 
cottage  to  bonduir.      We  have  all    heard   the  story  of  the  canals,   and 
they  are  now  accepted  as   indubitable  by   the  scientific  world.      Much 
more  is  no^v  added.      The  great  and  absorbing  question  with  the  Mar- 
tian people,  it  seems,   is  the   water  question.      Worlds,  like  individuals, 
are  not  gifted  with  perpetual  youth ;   they  are  born,  spend  a  hot  and 
feverish  infancy,  grow  cooler  with  advancing    years,    attain   an   early, 
youthful  vigour,  and  are  fitted  for  the  abode  of   life.      As  they  advance 
in  life,  higher  types  of  inhabitants  are  evolved;  they  then  grow  old  and 
commence  to  droop  with  the   cold,  until   they  reach   senility,  and   then 
come   decay    and    death,    after    millions   of  revolving  ages.       Mars,    it 
seems,  is  far  advunced  in  its  life  ;  its  mountains  are  all  levelled,  its  water 
has  nearly  all  evaporated,  its   inhabitants   are   driven  to   protect  them- 
selves by  a  gigantic  international  system  of  irrigation.      They  have  dug 
a  network  of  canals,  and  .so  catch  the  annual  meltings  of   the  polar  ice- 
cap ;  oases  are  formed  at  the  junctions,  and  there  the  strong-minded  and 
mighty  limbed  Martian  most  do  congregate,  and  admire  their  ingenious 
hydro'>'rai>hic  system.      The  silver  thread  of  the  actual  aqueduct  is  not 
visible,  but  what  are  seen  are  two  broad  strips  of  vegetation  growing  on 
the   banks.       It   is    proved    by    strict    mathematical  reasoning  that  on 
account  of  tlie  small  gravitating  power   of  Mars,   its   men   are    giants 
and  are  fifty  limes  as  efl'ective,  and   can  do  fifty  times  as  much  work,  so 
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that  the  task  of  exc:ivatiii<f  these  wondetful  ditclies  is  easy.  One  Mar- 
tian is  as  good  as  fifty  Chinamen.  Lite  is,  nioreovei',  further  advanced  : 
the  aits  and  sciences  are  thousands  of  yeai-s  okler  than  here  on  Earth, 
and  the  powei's  of  nature  being  better  understood,  more  gigantic  results 
■can  be  produced.  Steam  and  electrical  machineiy  are  long  out  of  date, 
and  are  ke[)t  in  museums  as  relics  of  a  bygone  civiliziition,  and  so  the  rein 
is  given  to  the  most  fervid  imagination,  and  the  grandest  results  flow 
easily.  Even  good  Schiaparelli  is  quoted,  speaking  on  the  iilea  that  the 
'•canals"  are  the  work  of  intelligent  beings:  "I  sliould  carefully 
refrain,"  he  says,  "  from  combating  this  supposition,  which  involves  no 
impo.ssibility."  But  Schiaparelli  was  speaking  as  a  philosopher,  and  was 
not  lecturing  to  a  Boston  audience,  or  writing  for  the  Atlantic  Monthly^ 
or  he  would  have  ])ut  it  positively  and  not  negatively.  The  Lick  Ob.ser- 
vatory  people  are  singularly  uuappreciative  ;  they  exhibit  little  real  enter- 
])rise,  or  the  air  at  Mount  Hamilton  is  not  so  exciting  as  that  at  Flagstaflf". 
This  is  what  Prof.  Edward  S.  Holden  coldly  writes  :  "  Something  is 
seen,  no  doubt,  but  I  may  say  that  nothing  has  been  observed  at  the 
Lick  Observatory  during  the  years  L'^SS  to  1S95,  so  f.>r  as  I  know,  which 
goes  to  coniirm  the  very  jsositive  and  strong  conclusions  which  are 
de.scribed.  It  is  a  point  to  l)e  noted,  that  the  conclusion  reached  by 
■Mr.  Lowell  at  the  end  of  his  woi-k,  agree  remarkably  with  the  facts  he 
set  out  to  prove  before  his  observatory  was  estal)lislied  at  all."  Conjec- 
ture, however,  is  often  the  pilot  of  discovery.  Let.  us  suspend  judgment 
until  we  hear  from  the  Yerkes'  telescope  at  Lake  Geneva,  near  Chicago, 
working  under  the  best  atmospheric  conditions  next  spring,  or  until  the 
projected  monster  at  Paris  in  1900  verifies,  if  it  will,  'Slv.  Lowell's  anti- 
-cipations.  We  may  add  that  to  explain  the  myslei-inus  gemitrtition,  or 
doubling  of  the  canals,  so  far  has  defied  the  most  laboured  ellbrts  of  the 
Flagstaff  Observatory.  It  is  from  no  desire  to  depreciate  Mr.  Lowell's 
delightful  conjectures  that  I  call  to  mind  that  most  .Munchau.sen-like 
story  whicli  an  Americati  new.spaper  scribe  boldly  fabricated,  that  the 
network  on  the  Martian  disc  was  fashioned  in  the  furni  of  the  Hebrew 
letteis  signifying  "  Shaddai  "  or  God  ;  and  so  the  Martian  people  were 
signalling  to  us  the  name  that  was  known  throughout  the  universe,  and 
were  calling  for  a  similar  sign  of  recognition  Anmng  many  other 
startling  hypotheses  which  are  thus  aroused,  it  must  be  that  the  Hebrew 
characters  and  language  are  well-known  to  the  inhabitants  of  our  fiery 
neighbour.      But  this  o:;t-lierods  Herod  ;  even  Boston  has  not  been  able 
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to  reach  this  wondrous  height,  and  we  feel  oppressed  with  the  most 
poignant  grief  when  we  consider  how  many  men  liave  lived  in  past  ages 
and  died  at  last  in  ignorance  of  this  great  discovery. 

THE    MOON. 

Our  satellite  was  twice  totally  eclipsed  in  1895  —  in  March  and  Sep- 
tember. There  is  little  real  scientific  value  in  lunar  eclipses.  They  are 
extremely  interesting  and  attract  popular  attention  to  what  has  been 
justly  called  the  "  Queen  of  Sciences."  The  shifting  shades  of  colour 
were  a  beautiful  object  of  study.  The  theory  has  been  advanced  that 
the  Moon  is  self-luminous  from  the  intense  and  constant  heat  that  is 
being  poured  upon  it,  and  that  it  has  risen  in  colour  to  a  dull  red  and 
so  the  disc  is  not  absolutely  blotted  out  by  the  Earth's  shadow.  But  on 
the  other  hand  the  delicate  observations  made  by  Lord  Rosse  and  Lang- 
ley  with  the  therniopyle  show  that  the  heat  diminishes  in  an  eclipse 
almost  as  rapidly  as  the  light  does,  and  so  the  heat  we  i-eceive  is  almost 
entirely  reflected. 

THE    PLANETOIDS. 

The  loll-call  of  the.se  pygmy  children  of  the  Sun  continues  to  grow. 
Up  to  the  end  of  1895  about  420  were  discovered,  but  they  do  not 
always  answer  obediently  to  their  names  or  to  their  distinctive  numbers 
(for  they  have  not  all  been  honoured  by  names),  as  if  the  belt  they  move 
in  were  a  sort  of  celestial  penitentiary.  One  named  Qi^thra,  discovered 
in  1875,  has  never  been  seen  since,  and  seven  more  of  the  group  are  at 
present  lost.  Ke-discovery  would  be  interesting  if  they  still  exist  in 
space  ;  the  photographic  plate  will  be  able  to  execute  a  writ  of  capias 
ad  respondendum,  upon  them.  It  is  worthy  of  note  that  the  greatest 
density  of  the  system  of  planetoids  occurs  just  where  Bode's  law  fixes 
the  missing  planet  between  Mars  and  Jupiter.  One  of  those  pocket 
world  discoveries  of  1895,  Ottilia  by  name,  has  a  period  just  one-half 
that  of  Jupiter,  so  that  by  Kepler's  third  law  Ottilia's  mean  distance 
from  the  Sun  must  be  Jupiter's  mean  distance  divided  by  the  ^  4  • 
Barnard  has  been  measuring  the  diameter  of  the  four  first  discovered  of 
this  family,  viz.  : — Ceres,  Pallas,  Juno,  and  Vesta.  One  finds  no  relation 
between  their  size  and  their  brightness,  as.  for  instance,  Vesta  is  only 
half  of  Ceres  in  diameter  but. has  an  albedo  four  times  as  groat. 
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Tliis  planet  has  been  much  studied  since  Clerk-Maxwell  in  1856 
gained  the  Adams  prize  for  his  proof  that  Saturn's  rings  ^yere  loosely 
revolving  meteors  which  was  confirmed  by  the  spectrographic  observa- 
tions of  Prof.  Keeler,  of  the  Allegheny  01)servatory,  who  reached  his 
conclusions  by  an  application  of  Doppler's  law.  Mr.  Stanley  AYilliams 
read  an  important  paper  before  the  Royal  Astronomical  Society  last 
Api-il,  by  which  he  proved  that  its  rotation  period  is  different  in  difTer- 
ent  latitudes.  Observations  based  on  different  groups  of  spots  give 
different  results,  which  thus  show  that  the  surface  must  be  in  violent 
agitation  and  it  is  almost  certain  that  its  rotation  period  increase  from 
year  to  year.  In  1891  the  mean  ob.servatioiis  gave  as  a  result  lOh.  14' 
21"-8,  while  in  1891-  the  result  of  lOh.  12'  35"-8  was  reached. 


To  1895  is  due  the  discovery  of  three  new  comets,  and  the  i-e-discovery 
of  an  old  friend,  Faye's  periodic  comet,  by  the  Nice  observers  on  the 
25th  September.  Its  period  is  about  seven  and  a-lialf  years,  and  it 
belongs  to  the  Jupiter  family.  This  comet  is  known  as  B  (1895).  A 
faint  comet,  A  (1895),  was  discovered  by  Dr.  Swift,  of  Lowe  Observa- 
tory, on  August  20th  in  the  constellation  Pisces.  Its  orbit  is  ellii^tical 
and  its  period  seven  and  a-quarter  years.  To  C  D.  Perrine,  of  the 
Lick  Observatory,  is  due  0  (1895),  jiicked  up  by  him  at  5.30  a.m. 
November  17th,  in  the  constellation  of  the  Virgin,  which  fact  may 
account  for  its  contrary  tempei'ament,  for  it  has  a  retrograde  movement. 
Brook's  comet  D  (1895),  was  discovered  on  the  21st  of  November;  a 
very  swiftly  moving  and  faint  comet,  but  large  and  round  with  ill- 
defined  edges.  Two  new  comets  in  November  and  then  the  President's 
message,  and  one  Willia.m  Hohenzollern,  of  Berlin,  filling  up  blank 
"telegraph  slips,  and  laying  his  hand  on  his  sword.  Do  the  modern 
comets  still  shake  from  their  horrent  hair  fell  pestilence  and  war  ?  In 
1894  we  had  Salisbury,  the  President  of  the  British  Association,  stru"'- 
gling  with  the  unsolved  problems  of  science.  In  1895  a  change  comes 
o'er  the  spii-it  of  our  dream,  and  we  have  Salisbury,  the  British  Premier, 
struggling  with  at  least  one  unsolved  problem  of  politics — the  Venezuela 
boundary.  The  nature  of  the  atom,  or  the  mystery  of  the  ether,  or 
whether  the  force  of  gravity  acts  instantaneously  or  not  is  as  nothing  to 
that.  It  has  been  made  sufHciently  clear,  however,  to  the  political 
23 
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scientists  that    Cleveland's    message   acted     with    .sufficient    resj)OiiRivfr 
insiantaneousness. 

NOVA    CARINi*:. 

A  new  star  flashed  her  glory  in  the  firmament  in  1895  ;  not  one 
that  had  always  existed  and  has  just  been  observed,  but  one  of  the  class 
that  comes  into  existence  suddenly,  increases  in  radiance,  and  then 
melts  into  obscurity.  To  Mrs.  Fleming,  of  Harvard  Observatory,  is  due 
this  discovery.  Photographic  plates  (of  which  there  are  two  kinds,  spec- 
trum and  chart  plates)  of  the  heavens  are  taken  by  the  large  photo- 
graphing telescope  at  the  Harvard  Annex  Observatory  in  Arequipa,, 
Peru,  and  despatched  to  Prof.  Pickering  at  Cambridge,  who  deputes  the 
task  of  their  careful  examination  to  Mrs.  Fleming,  assisted  by  a  corps  of 
ten  or  twelve  young  ladies,  working  in  a  small  brick  building,  where 
already  have  been  stored  tons  of  plates.  Thus  a  new  star  was  discov- 
ered in  the  constellation  Carina,  which  is  above  the  horizon  at  Arequipa, 
whose  latitude  is  about  17°  south.  The  Nova  was  first  seen  at  Cam- 
bridge on  the  photographic  plate,  where  Carina  is  never  visible,  and  thus 
a  ray  of  light  wrote  upon  the  photographic  film  the  record  of  either  the 
collision  of  two  bodies  or  of  two  meteoric  swarms  rushing  through  a 
nebula  or  of  some  magnificent  volcanic  outburst  ;  and  so  the  most 
mighty  and  most  subtle  power  of  nature  became  vassal  to  the  human 
intellect,  and,  at  the  bidding  of  the  scientist,  at  last  reveals  secrets 
that  long  have  eluded  the  keenest  intelligence.  The  spectra  of  these 
Novae  of  Carina,  Norma  and  Auriga  are  remarkably  alike.  Nova 
Carina  is  the  fifteenth  Nova  that  has  been  discovei'ed  in  the  last  two 
thousand  years. 

The  international  photographic  charting  of  the  heavens  goes  on  apace. 
Three  or  four  observatories  have  already  furnished  their  sliare. 

The  Royal  Astronomical  Society  held  a  meeting  on  the  14th  of  June 
last  at  London,  and  there  Miss  Alice  Everett,  M.A.,  one  of  the  Secre- 
taries of  the  British  Astronomical  Association,  read  a  paper  on  the  binary 
star  f  Leonis.  This  binary  has  a  period  of  about  one  and  three-quarters 
centuries.  I  note  this  as  being  the  first  paper  read  by  a  woman  before 
the  Royal  Astronomical  Society.  The  British  Astronomical  Association 
has  not  only  a  lady  Secretary,  but  also  a  lady  Editor,  Miss  Rus.sell,  and 
another  lady,  Miss  Brown,  who  is  Director  of  the  Sun  observing  section. 
That  distinguished  astronomer.  Miss  Agnes  M.  Gierke,  is  also  a  member 
of  its  Council. 
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Chandler's  discovery  of  variation  in  latitude  of  points  on  tlie  Earth's 
surface  continues  to  attract  investigation.  Until  the  year  1888  latitude 
was  considered  invariable,  but  now  it  is  shown  beyond  doubt  that  it 
changes  and  the  hypothesis  grows  into  a  jjroposition  that  the  Earth  is  a 
body  with  variable  form  and  some  portions  of  its  mass  change  positions 
relatively.  Thus  results  a  shifting  back  and  forward  of  boundaries 
between  states  and  countries,  .so  that  on  exact  limits  a  man  by  this 
curious  wobbling  of  the  Earth's  axis  of  rotation  may  during  the  cycle  of 
change  find  himself  and  his  house  under  different  flags.  A  Canadian 
Sherifif,  learned  in  astronomy,  and  being  advi.sed  by  a  solicitor  who  has 
made  a  special  study  of  Dr.  Chandler's  discoveries,  may  yet,  in  a  doubt- 
ful case  of  extradition,  be  able  to  arre.st  his  man  on  Canadian  territory 
where  the  latitude  of  his  quarry  has  shifted  a  fraction  of  a  second  of 
arc  northward.  It  were  best,  however,  not  to  consider  this  question  too 
curiously.  International  complications  might  be  aroused  and  custom- 
house officers  are  sensitive. 

As  for  the  Unification  of  Time  Reckoning,  the  goal  is  not  far  hence 
for  which  our  Toronto  Society  has  worked  under  the  able  guidance  of 
Dr.  Sandford  Fleming.  Difficulties  are  disappearing,  and  Civil,  Astrono- 
mical and  iSTautical  Day  will  ere  long  be  coterminous. 

Scientitic  research  had  during  last  year  its  triumphs  over  many 
problems,  but  there  is  with  us  all  a  problem  over  which  no  man  can 
triumph.  Death  reached  out  his  fell  hand  and  gathered  in  more  than  one 
of  the  noblest  of  the  sons  of  science.  Dr.  Arthur  Cayley,  once  an  English 
barrister,  and  a  most  distinguished  mathematician,  and  who  for  thirty- 
two  years  occupied  the  Sacllerian  chair  of  pure  mathematics  at  Cam- 
bridge, passed  away  since  our  last  annual  meeting.  He  had  been  Presi- 
dent of  the  Royal  Astronomical  Society  and  of  the  British  Association  ; 
he  contributed  reviews  to  astronomical  science  concerning  planetary  and 
lunar  theories,  determination  of  orbits  and  solar  eclipses.  Dr.  T.  Brorsen 
died  also  in  the  past  year ;  his  name  is  well-known  in  connection  with 
the  discovery  and  literature  of  comets.  Prof.  F.  W.  G.  Spiirer,  Chief 
Observer  in  the  Astro-Physical  Observatory  at  Potsdam,  died  last  July. 
His  chief  work,  which  I  have  mentioned  before,  was  the  determination 
of  the  rotation  period  of  the  Sun  and  investigations  relating  to  the  law 
of  the  retardation  of  the  rotation  dependent  on  the  latitude.  The 
venerable  Dr.  Hind,  once  the  supreme  officer  of  the  Nautical  Almanac 
office,    has    also  passed    away.      He   discovered    ten    planetoids,   sixteen 
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\;iriables,  and  three  nebulae.  Prof.  Daniel  Kirkvvoocl,  the  Deau  of 
American  astronomeis,  has  also  been  added  to  the  death  roll  ;  he  is  best 
known  by  his  researches  on  the  planetoids.  He  suggested  the  theory 
that  meteor  streams  wei-e  the  result  of  the  breaking  up  of  comets,  and 
ranged  himself  under  the  banner  of  those  who  opposed  La  Place's 
nebular  hypothesis.  But  before  closing,  I  cannot  forbear  to  s])eak  of 
Thomas  Henry  Huxleyj  the  gresit  English  apostle  of  evolution.  He 
was  not  an  astronomer  in  the  narrow  sense,  but  a  physical  philosopher 
of  the  highest  type  as  a  phj'sicist  ;  time  forbids  me  to  speak  of  his  great- 
ness as  a  scholar,  scientist,  and  man  of  culture.  He  was,  moreover, — 
what  scientific  men  are  not  always,  yea,  indeed,  very  seldom  are — a 
master  hand  in  the  use  of  the  English  language,  a  forceful  platform 
speaker,  gifted  with  an  elegant  diction.  His  thoroughness  as  a  student 
is  illustrated  by  one  of  his  maxims  :  "  Know  a  thing  directly,  and  do 
not  assume  that  you  know  more  of  it  by  knowing  around  it."  But  a 
strange  sadness  oppresses  one  reflecting  upon  his  death,  not  only  because 
he  died,  but  because  he  died  as  he  did.  Those  who  wrote  his  epitaph 
understood  him  best,  or  at  least  tiiought  they  did,  and  this  is  what 
they  wrote  : — 

"  And  if  there  be  no  meeting  past  the  grave, 

If  all  is  silence,  darkness,  yet  'tis  rest ; 

Be  not  afraid  ye  waiting  hearts  that  weep, 

For  God  still  giveth  His  beloved  sleep. 

And  if  an  endless  sleep  He  wills,—  so  best. " 

"  And  if  an  endless  sleej),"  why  "  endless  '"?  Is  this  the  end  of  all 
evolutionary  philosophy  ?  Does  the  summit  of  human  glory  and 
scholarly  renown  wide  as  the  world,  crash  into  such  a  pit  of  dark 
despair  1  1  stand  appalled  I  Let  me  turn  from  this  sad,  sad  dirge,  to 
the  glorious  requiem  sung  by  the  last  Laureate  for  himself: — 

"  Sunset  and  evening  star. 
And  one  clear  call  for  me, 
And  may  there  be  no  moaning  of  tlie  bar 
When  1  put  out  to  sea. 
Twilight  and  evening  bell, 
And  after  that  the  dark, 
And  may  there  be  no  sadness  of  farewell, 
When  1  embark. 

For  though  from  out  this  bourne  of  time  and  place 
The  flood  muy  bear  me  far, 
I  hope  to  see  my  Pilot  face  to  face, 
When  I  have  crost  the  bar." 
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And  here  is  another  yet  clearer  evangel  :  — 

"  Life  is  real,  life  is  earnest, 
And  the  grave  is  liot  its  goal  ; 
Dust  thou  art,  to  dust  returuest, 
Was  not  spoken  of  the  soul." 

But  let  nie  not  judge.  I  may  not  understand  the  ejntapli,  or  the 
script  on  his  tomb  may  belie  the  man.  From  a  scientific  point  of  view, 
it  certainly  is  not  evolution,  for  evolution  is  not  endless,  but  grows  from 
more  to  more.  Can  it  be  tliat  it  was  an  eclipse  of  faith,  or  an  echo  of 
that  great  soul  cry  that  went  forth  centuries  ago,  "  Thougli  He  slay  me, 
yet  will  I  trust  in  Him." 

A  list  of  the  losses  which  the  Royal  Society  of  England  has  suffered 
by  death  during  the  past  year  shows  that  the  Godde.ss  of  Science  well 
guards  her  sons.  The  list  comprehends  nineteen  Fellows  and  seven 
foreign  members,  and  the  average  lifetime  of  these  twenty-six  members 
was  over  seventy-six  years  and  a-half. 

We  are  now  in  the  early  days  of  1896  ;  the  future  is  rich  in  promise  ; 
it  is  already  flushed  with  a  coming  glory  ;  the  golden  age  is  not  behind 
us,  it  is  before  us.  To  read  the  book  and  volume  of  the  sky  more  cor- 
rectly, and  to  see  tlierein  and  on  every  i)age  of  it  emblazoned  the  name 
of  the  Creator,  yea,  every  letter  of  it  a  glistening  sun,  is  the  lesson  for 
every  astronomei',  whether  amateur  or  professional,  to  learn.  Lelande 
impiously  said  :  "  I  have  swept  the  heavens  and  seaiched  the  universe, 
and  found  no  God."  Let  evei-y  man  search  his  own  heart  ;  if  it  is 
rightly  attuned,  it  will  respond  to  tlie  thrilling  chorus  of  the  morning 
stars  when  they  sang  together  and  rejoiced.  Nature  never  says  one 
thing  and  wisdom  another.  The  universe  sings  one  universal  psalm  of 
praise,  and  the  more  we  know  of  the  univer.se  the  more  clearly  and  har 
moniously  that  psalm  strikes  our  dull  ears  :  — 

"  The  Sun  and  every  vassal  star, 

All  space,  beyond  the  soar  of  angel  wing.s 
Wait  on  His  word  :  and  yet  He  stays  His  eir, 
For  every  sigh  a  contrite  suppliant  brings. " 
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The  Meaford  Astronomical  Society  began  from  an  informal  gathering 
of  friends  interested  in  tlie  stud\'  of  astronomy  at  the  house  of  Mrs.  H. 
Manley  the  present  Vice-President.  This  meeting  was  held  on  the  10th 
November,  1893.  The  better  part  of  the  evening  was  taken  up  in  dis- 
cussing the  subject  of  astronomy,  remarking  on  its  gigantic  outlines,  etc. 
Officers  were  then  chosen,  and  a  rough  programme  of  the  future  lines  of 
study  sketched  in,  the  President  volunteering  to  give  a  series  of  notes  on 
the  fundamental  principles  of  the  science.  It  may  not  be  out  of  place 
to  mention  here  that,  during  more  than  two  j^ears  of  this  Society's  life, 
with  one  exception,  (caused  by  removal  from  the  town),  the  officers 
remain  unchanged,  and  that  the  interest  of  the  members  has  increased 
instead  of  abating,  and  despite  the  inclemency  of  the  weather  last 
winter  the  meetings  were  well  attended. 

The  members  were  encouraged  to  attempt  writing  short  accounts  of 
the  planets  and  various  heavenly  bodies,  these  papers  being  read  at  the 
semi-monthly  meetings.  Others  again  undertook  to  collect  newspaper 
clippings  on  the  same  interesting  subject ;  several  of  the  members  kept  a 
daily  account  of  the  temperature,  rainfall  (if  any),  noticed  any  unusual 
appearance  in  the  heavens,  such  as  meteors,  northern  lights,  etc.,  thus 
creating  great  general  interest  from  the  records  of  their  note  books.  Dis- 
cussion was  freely  indulged  in,  numerous  questions  asked  and  answered 
by  the  President.  These  meetings  proving  so  enjoyable,  a  good  deal  of 
curiosity  (on  what  was  an  entirely  new  subject  to  most  persons  in  this 
little  town)  was  aroused  ;  this  led  to  the  members  being  allowed  to 
bring  any  friend  or  friends  they  chose.  This  privilege  has  nev'er  been 
abused,  and  the  meetings  though  rather  more  formal  than  the  first 
gathering  have  been  without  a  single  exception  remarkable  for  their 
pleasantness  and  the  very  friendly  feeling  existing  among  the  members. 

The  next  step  was  to  subscribe  to  some  good  serial,  and  on  the 
5th  Februai-y  it  was  decided  to  select  Popular  Astronomy  for  that 
purpose.  This  periodical  has  afforded  so  much  satisfaction  that  its 
advent  is  eagerly  looked  forward  to  and  it  is  carefully  read  and  preserved. 


On  March  2ncl,  a  short  address  was  read  to  the  President  and  a  small 
telescope  presented  to  him  as  a  memento  and  token  of  the  Society's 
appreciation  of  his  kindness.  It  was  also  mooted  for  the  first  time  that 
it  might  be  possible  to  have  our  Society  affiliated  with  the  Astronomical 
and  Physical  Society  of  Toronto.  This  idea  took  root,  and  it  was  a  proud 
day  for  ns  when  the  affiliation  was  a  fait  accompli. 

The  benefits  arising  from  this  affiliation  have  far  exceeded  our 
expectations,  and  to  members  of  the  Toronto  Society  we  have  been 
indebted  for  numerous  kindnesses  and  many  most  interesting  letters  and 
papers  ;  there  is  a  general  feeling  of  disappointment  if  we  have  no  com- 
munications from  them  for  several  weeks. 

On  fine  nights,  when  the  sky  was  clear,  the  Society  spent  some  time 
out  of  doors,  and  learned,  under  the  direction  of  the  President,  the 
various  constellations.  The  President  having  discontinued  his  notes, 
substituted  a  series  of  short  lectures,  frequently  accompanied  by  charts 
illustrating  the  subject  under  disciission.  These  were  found  very  inter- 
esting, particulaily  one  on  sun-spots,  which  excited  a  good  deal  of  atten- 
tion. 

At  a  meeting  on  the  10th  August,  1894,  a  Committee  appointed  at 
a  former  meeting  brought  forward  a  form  of  Constitution  and  By-laws, 
which  are  similar  to  those  of  the  Toronto  Society,  with  one  or  two  modi- 
fications, and  which  were  adopted  and  ordered  to  be  jirinted. 

An  eclipse  of  the  Moon  being  expected  on  Sej)tember  14th,  there 
was  an  informal  gathering  of  members  and  friends  on  the  wharf,  where 
an  excellent  view  of  her  Lunar  Majesty  was  obtained.  This  was  quite 
an  event  in  the  annals  of  the  Society,  and  led  to  a  great  wish  of  the 
members  to  own  a  medium-sized  telescope. 

From  time  to  time  the  Meaford  members  have  taken  advantage  of 
their  affiliation  and  visited  the  rooms  of  the  Toronto  Astronomical 
Society  and  have  always  been  most  kindly  received.  One  of  our  mem- 
bers, Mr.  S.  D.  Caswell,  having  removed  to  Toronto,  often  sends  us 
accounts  of  the  meetings  in  that  city.  These  letters  have  been  read 
with  much  pleasure.  The  Meaford  Society  resolved,  on  October  5th, 
1894,  to  make  a  vigorous  eflfort  and  raise  funds  to  purchase  a  telescope. 
A  committee  with  two  ladies  (and  what  can  they  not  accomplish)  was 
formed  to  interview  the  members,  urging  them  to  a  special  eflfort  in  that 
dii-ection,  and  a  fund  was  soon  provided  for  the  purpose.  Through 
correspondence  with  Mi-.  A.   Elvins,  it  was  learned  that  object-glasses, 


by  Vion  Freres,  of  Paris,  could  be  obtained  from  Messrs.  Michael  Bros., 
of  Youge  street,  Toronto.  A  selection  was  accordingly  made  and  the 
lenses  were  mounted  by  Mr.  J.  R.  Collins,  of  Toronto.  About  Novem- 
ber 1st  the  telescope  was  received,  and  Mr.  J.  G.  Sing,  D.L.S.,  of 
Meaford,  ha\  ing  kindly  interested  himself  in  preparing  a  tripod  stand, 
the  instrument  was  finally  completed  and  ready  for  work.  For  almost 
two  months  afterward.s,  on  account  of  cloudy  or  stormy  weatlier, 
it  was  almost  impossible  to  make  any  observations.  However,  during 
the  winter,  at  intervals,  observations  were  made  and  the  telescope  gave 
much  interest  and  pleasure  in  revealing  the  system  of  Jupiter,  features 
of  the  Moon,  double  stars,  nebuhe,  etc. 

In  December,  Miss  Paul  kindly  donated  a  copy  of  the  Marvels  of 
Astronomy.  In  January  some  correspondence  was  carried  on  regarding 
a  suitable  text  book  for  beginners,  and  after  .some  delay  ten  copies  were 
ordered  of  Mrs.  Gilierne's  Sun,  Moon  and  Stars,  which,  being  read 
from  time  to  time  at  the  meetings,  led  to  discu.ssions  and  gave  greater 
interest  to  those  w^ho  were  new  to  the  science.  This  text  book  is  .still 
in  use,  and  is  found  most  valuable  because  of  its  familiar  illustrations 
rather  than  dry  lists  of  statistics.  The  following  papers  have  been  pre- 
jiared  and  read  at  our  meetings  : — "  Saturn,"  l)y  Mrs.  Kiiton  ;  "  Transits 
of  Venus,"  with  illustrations,  by  Mr.  J.  G.  Sing,  D.L.S.;  "Spectrum 
Analysis"  and  "The  New  Element,  Argon,"  by  Mr.  G.  G.  Albery. 
The  President  contributed  several  papers:  "The  Sun,"  "Sun-spots," 
"  The  Sun's  Heat,"  "  Meteors,"  "  The  Planet  Mars,"  "  Jupiter," 
"Astronomical  Fictions,"  and  "Retrograde  Movements  of  the  Planets," 
with  diagrams. 

Several  papers  by  Dr.  Yeeder,  of  Lyons,  N.Y.,  were  read  as  received, 
and  also  some  interesting  papers  from  Mr.  Thomas  Lindsay,  of  Toronto, 
reviewing  the  astronomical  work  of  the  day,  which  were  afterwards 
published  in  the  Meaford  Mirror  under  the  head  of  "  Scientific  Notes." 
Our  Society  has  been  always  kindly  reported  by  the  local  press,  and 
in  the  Meaford  J/iV?-o?',  besides  the  "  Scientific  Notes,"  published  at  con- 
siderable length,  we  have  also  been  obliged  by  seeing  the  notices  of  our 
meetings,  with  date  and  place  given.  The  meetings  are  held  in  the 
Town  Clerk's  office  and  in  private  residences  alternately,  invitations  for 
the  latter  often  coming  in  several  weeks  in  advance.  At  the  private  resi- 
dences our  Society  has  always  been  made  most  welcome,  and,  after  the 
business  is  completed,  we  have   been   most   hospitably  entertained  and 


refreshments  served,  and  the  meetings  have  been  of  a  social  as  well  as  of 
a  scientific  character. 

One  interesting  meeting  held  at  the  Rectory,  the  residence  of  the 
President,  will  be  one  long  to  be  remembered.  It  was  held  on  June  7th, 
1895,  and  when  the  members  arrived  the  President  had  the  telescope  ready 
for  observations.  Attention  was  called  to  the  remarkably  favourable 
positions  of  the  principal  members  of  our  solar  system,  and  then  one 
after  another  of  the  planets  was  carefully  scrutinized,  to  the  delight  of 
all  present.  Mercury's  crescent  phase  was  distinctly  seen,  as  well  as 
that  of  Venus,  in  the  western  sky.  Not  far  distant  was  observed  the 
planet  Mars.  Jupiter  and  his  moons  were  also  visible,  although  too  low 
in  the  West  to  be  seen  very  favourably.  And  then,  towards  the  South, 
we  had  the  pleasure  of  seeing  Saturn,  with  his  rings  glowing  with  yellow 
light.  As  these  were  observed  for  the  first  time  by  many  of  the  mem- 
bers, one  can  well  imagine  the  pleasure  expressed  at  being  at  length 
able  to  verify  what  had  been  only  heretofore  seen  in  books  on 
astronomy. 

We  are  now  entering  on  the  third  year  of  our  organization  as  a 
society  of  amateurs  in  the  science,  and  it  may  be  truthfully  said,  that 
while  some  have  become  discouraged,  and  unable  to  read  or  keep  up 
their  attendance,  the  members  generally  are  as  enthusiastic  as  ever,  and 
look  forward  to  the  coming  year  with  the  full  purpose  of  pursuing  the 
study  of  their  favourite  science  with  increased  pleasure. 
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